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1. NMOS Dynamic RAM 



Capacity 


Type No 


Organi- 


Access Time. Max(ns) 


Cycle Time 


Power Supply 


Power Dissipation. Mat(mW) 


Pins 


Alternate 


zation 






Mm (ns) 


(V) 




Standby 


Source 




TMM41 F.AAP 1 9 

I IVIlVIH I OHMr - I L. 




1 20 


60 


220 












64K Bit 


TMM41 64AP-1 5 




1 50 


75 


260 


-H5 


275 


22 


16 






TMM4164AP-20 




200 


100 


330 














TMM41 256C-1 2 




1 20 


60 


220 




330 










TMM 1 1 7RRr 1 R 


?fi? 144X1 


150 


75 


260 


+ 5 


275 


28 


16 


I IPndl 9r.fi 

u r L^H 1 Z JU 




TMM41 256C-20 




200 


100 


330 












TMM41256P-12 


262.144X1 


120 


60 


220 


+ 5 


330 


28 


16 


UPD41256 


256K Bit 


TMM41 256P-1 5 


150 


75 


260 


275 




□TMM41257P-12 


262.144X1 


120 


60 


220 


+ 5 


385 


28 


16 


UPD41257 




OTMM41257P-15 


150 


75 


260 


330 




TMM41464P-12 


65,636X4 


120 


60 


."■ 1 j 


+ 5 


385 


28 


18 


UPD41464 




TMM41464P-15 


150 


75 


260 


330 




* TMM411000C-10 




100 


50 


190 


+ 5 


385 


22 


18 




1M Bit 






120 


60 


220 


330 




*DTMM411001C-10 


1,048,576X1 


100 


50 


190 


+ 5 


385 


22 


18 






♦ □TMM411001C-12 


120 


60 


220 


330 





Note : Package material P . Plastic C: Ceramic. □ :Nibble mode parts 

* : Preliminary These are target specifications and are subject to change without notice 



2. CMOS Dynamic RAM 



Capacity 


Type No 


Organi- 
zation 


Access Time. Max(ns) 


Cycle Time 
Mm (ns) 


Power Supply 
(V) 


Pwer Dissipation. Max(mW) 


Pins 


Alternate 
Source 


tRAC 


tAA 


Active 


Standby 


1M Bit 


*ATC511000C-10 


1.048.576X1 


100 


55 


190 


+ 5 


330 


5 5 


18 




*ATC511000C-12 


120 


65 


220 


275 


• OTC511001C-10 


1.048.576X1 


100 


50 


190 


+ 5 


330 


5.5 


18 




♦ OTC511001C-12 


120 


60 


220 


275 



Note : Package material C : Ceramic, A : Fast page mode parts O : Static Column parts 

* ; Preliminary These are target specifications and are subject to change without notice. 
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3. NMOS Static RAM 



Capacity 


Type No. 


Organi- 


Access Time 


Cycle Time 


Pcwei Supply 


Powei Dissipation Max(mW) 


Pins 


Package Width 


Alternate 


zation 


Max (ns) 


Mm. (ns) 


(V) 


Active 


Standby 


(inch) 


Source 




TMM201 5AP-90 




90 


90 




440 












TMM2015AP-10 


2.048X8 


1 00 


100 


+ 5 




38.5 


24 


0.3 


(HM6116AS) 




TMM2015AP-12 


120 


120 


358 




TMM2015AP-15 




150 


150 
















TMM2015BP-90 




90 


90 
















TMM2015BP-10 


2.048 X8 


100 


100 


+ 5 






24 


03 


(HM6116AS) 




TMM2015BP-12 


120 


120 





.0 




TMM2015BP-15 




150 


150 
















TMM2016AP-90 




90 


90 




440 












TMM2016AP-10 


2.048X8 


100 


100 


+ 5 




38.5 


24 


6 


(HM61 16) 




TMM2016AP-12 


120 


120 


358 




TMM2016AP-15 




150 


150 














16K Bit 


TMM2016BP-90 




90 


90 
















TMM2016BP-10 


2.048X8 


100 


100 


+ 5 


275 


27.5 


24 


0.6 


(HM6116) 




TMM2016BP-12 


120 


120 




TMM2016BP-15 




150 


150 
















TMM2018D-35 




35 


35 
















TMM2018D-45 


2.048x8 


45 


45 


+5 


825 


110 


24 


0.3 






TMM2018D-55 




55 


55 
















TMM2068D-35 




35 


35 




825 












TMM2068D-45 


4.096X4 


45 


45 


+ 5 


660 


110 


20 


0.3 


IMS1420 




TMM2068D-55 




55 


55 














♦ TMM2078D-35 




35 


35 




825 












»TMM2078D-45 


4,096X4 


45 


45 


+ 5 


660 


110 


22 


03 






*TMM2078D-55 




55 


55 














TMM2063P-10 




100 


100 
















TMM2063P-12 


8.192X8 


120 


120 


+ 5 


440 


55 


28 


0.3 




64K Bit 


TMM2063P-15 




150 


150 














TMM2064P-10 




100 


100 
















TMM2064P 12 


8.192X8 


120 


120 


+ 5 


440 


55 


28 


0.6 


(HM6264) 




TMM2064P-15 




150 


150 















Note : Package material P : Plastic D : Cerdip 

* : Preliminary These are target specifications and are subject to change without notice. 
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4. CMOS Static RAM 



Capacity 


Type No. 


Organi- 


Access Time 


Cycle Time 


Power Supply 


Power Dissipation Max (mW) 


Pins 


Alternate 


zation 


Max (ns) 


Mm. (ns) 


(V) 


Active 


Standby 


Source 




TC5513AP-20 


1.024X4 


200 


200 


+ 5 


27.5 


011 


18 


HM6514 




TC5513APL-20 


200 


200 


0005 




4K Bit 


TC5514AP-2 




200 


200 






0.1 1 






TC5514AP-3 


1.024X4 


300 


300 


+ 5 


27 5 


18 


HM6514 




TC5514APL-2 


200 


200 


0005 






TC5514APL-3 




300 


300 












TC5516AP/AF-2 




200 


200 






0.165 








TC5516AP/AF 


2.048X8 


250 


250 


+ 5 


3025 


24 






TC6S16APL AFL-2 


200 


200 


0005 






TC5516APL AFL 




250 


250 












TC5517AP/AF-2 




200 


200 






1 65 








TC551 7AP/AF 


2.048X8 


250 


250 


+ 5 


302 5 


24 


(HM61 1 6L) 




TC5517APL AFL-2 


200 


200 


005 




TC551 7APL/AFL 




250 


250 












TC5517BP/BF-20 




200 


200 






1 65 









TC5517BP/BF-25 


2,048X8 


250 


250 


+ 5 


27 5 


24 


(I_liyig1 1 




TC5517BPL/BFL-20 


200 


200 


0005 




TC5517BPL/BFL-25 




250 


250 










1 6K Bit 


TC5518BP/BF-20 




200 


200 






1 65 






TC5518BP/BF-25 


2,048X8 


250 


250 


-F5 


27 5 


24 


(HM61 17L) 




TC5518BPL/BFL-20 


200 


VI > 


005 




TC5518BPL/BFL-25 




250 


250 












• TC5517CP/CF-15 




150 


150 






0165 








• TC5517CP/CF-20 


2 naflyfl 

Z.UHO *^ o 


200 


200 


+ 5 


27.5 


24 


fUMfil 1 fil ^ 




• TC5517CPL/CFL-15 


150 


150 


005 




♦ TC5517CPL/CFL-20 




200 


200 












♦ TC5518CP/CF-15 




150 


150 






165 








• TC5518CP/CF-20 


2.048X8 


200 


200 


+ 5 


27 5 


24 


(HM6117L) 




»TC5518CPL/CFL-15 


150 


150 


005 




♦ TC5618CPL/CFL-20 




200 


200 












TC5564PL 15 


8,192X8 


150 


150 


+ 5 


27 5 


005 


28 


//PD4464C 




TC5564PL-20 


200 


200 




TC5565PL/FL-12 




120 


120 






UDO 








TC5565PL/FL-15 


fl 1 Q9 Xft 
I ^Ji- ^ o 


150 


150 


+5 


27.5 


28 


n i vi \j£ uti- 


64 K Bit 


TC5565PL/FL-12L 


120 


120 


U 1 00 


TC5565PL/FL-15L 




150 


150 












*TC5561P-S5 


65,536X1 


55 


55 


+ 5 


550 


55 


22 






• TC5561P-70 


70 


70 






• TC5562P-45 


65.536X1 


45 


45 


+ 5 


550 


11 


22 


HM6287 




• TC5562P-55 


55 


55 




• TC55257P-10 


32.768X8 


100 


100 


+ 5 


27.5 


6.5 


28 




256K Bit 


♦ TC55257P-12 


120 


120 




*TC55257PL-10 


32,768X8 


100 


100 


+ 5 


27 5 


055 


28 






*TC55257PL-12 


120 


120 





Note : Package material P : Plastic F : Flat package 

* : Preliminary These are target specifications and are subject to change withput notice. 



5. NMOS EPROM 



Capacity 


Type No. 


Organi- 


Access Time 


Cycle Time 


Power Supply 


Power Dissipation Max (mW) 


Pins 


Alternate 


zation 


Max (ns) 


Mm. (ns) 


(V) 


Active 


Standby 


Source 




I IVI IVI i / VJ- I J 




150 


150 














I IVNVI/./U i +L/ w i 




200 


200 












64K Bit 




8.192X8 


250 


250 


+ 5 


525 


131 


28 


i2764 


* IVIIVI£/UHI_"|- I J 


1 50 


150 








200 


200 














TMM97R4DI 

I IVI IVI *L 1 U"r LJ 1 




250 


250 














TMM ?71 CRn-1 

X IVI IVI L 1 1 tOU 1 J 




1 50 


1 50 














TMM27128D-20 




200 


2X 












128K Bit 


TMM27128D-25 


16.384X8 


250 


250 


+ 5 


526 


131 


28 


127128 


TMM27128DI-15 


150 


150 




TMM27128DI-20 




200 


200 














TMM27128DI-25 




250 


250 














TMM27256D-15 




150 


150 












256 K Bit 


TMM27256D-20 


32.768X8 


200 


200 


+5 


525 


131 


28 




TMM27256DI-15 


150 


150 






TMM27256DI-20 




200 


200 













Note: Package material D : Cerdip Dl type : Operating temperature range= -40°C~85°C 
6. CMOS EPROM 



Capacity 


Type No 


Organi- 
zation 


Access Time 
Max. (ns) 


Cycle Time 
Mm. (ns) 


Power Supply 

(V) 


Power Dissipation Max (mW) 


Pins 


Alternate 
Source 


Active 


Standby 


256K Bit 


TC57256D-20 


32.768X8 


200 


200 


+5 


158 


0.525 


28 


MBM27C256 


TC57256D-25 


250 


250 


Note : Package material D : Cerdip 
7. NMOS Mask ROM 


Capacity 


Type No. 


Organi- 
zation 


Access Time 
Max. (ns) 


Cycle Time 
Mm (ns) 


Power Supply 
(V) 


Power Dissipation Max (mW) 


Pins 


Alternate 
Source 


A .■ we 


Standby 


64 K Bit 


TMM2365P 




200 


200 




650 


138 


28 


(12764) 


TMM2366P 








138 


24 




128K Bit 


TMM23128P 












110 




(127128) 


256K Bit 


TMM23256P 


32.768X8 


150 


230 


+ 5 


220 


55 


28 


(I27256) 


Note : Package material P : Plastic 
8. CMOS Mask ROM 


Capacity 


Type No. 


Organi- 
zation 


AccessTime 
Max (ns) 


Cycle Time 
Mm (ns) 


Power Supply 
(V) 


Power Dissipation Max (mW) 


Pins 


Alternate 
Source 


Active 


Standby 


64K Bit 




8.192X8 


250 


350 


+5 


39 


011 


28 


(MK37000) 


TC5365P/F 


250 


(.2764) 


TC5366P 


24 


(TMS4764) 


256K Bit 


TC53257P/F 


32.768X8 


200 


200 


+ 5 


39 


0.11 


28 


027256) 


1M Bit 


TC531000P 


131.072X8 


200 


200 


+5 


39 


0.11 


28 





Note : Package materia! P : Plastic F : Flat Package 



TOSHIBA DYNAMIC RAM 



NMOS 



I 
I 



CMOS 



64K Bit 



64KX1 



TMM4164AP-12 



TMM4164AP-15 



(120ns) 



(150ns) 



256KX1 



TMM41256C-12 



TMM41256C-15 



(120ns) 



(150ns) 



TMM41256P-12 



TMM41256P-15 



(120ns) 



(150ns) 



TMM41257P^2~] TMM41257P-15 



(120ns) 



(150ns) 



64KX4 




TMM41464P-12 




TMM41464P-15 







(120ns) 



(150ns) 



1M Bit 



1M Bit 



1MX1 



TMM411000C-10 


* 


TMM411000C-12 


(100ns) 




(120ns) 


TMM411001C-10 


* 


TMM411001C-12 


(100ns) 




(120ns) 


TC511000C-10 


* 


TC511000C-12 


(100ns) 




(120ns) 


TC511001C-10 


- 


TC51 1001C-12 



(100ns) 



(120ns) 



TMM4164AP-20 



(200ns) 



TMM41256C-20 



(200ns) 



* : Preliminary 



TOSHIBA STATIC RAM 



16K Bit 



2KX8 



NMOS 



64K Bit 



8KX8 



TMM2015AP-90 



TMM2015AP-10 



TMM2015AP-12 



TMM2015AP-15 



(90ns) 



(100ns) 



(120ns) 



(150ns) 



TMM2015BP-90 



(90ns) 



H 



TMM2015BP-10 



(100ns) 



] { 



TMM2015BP-12 



H 



TMM2015BP-15 



(150ns) 



TMM2016AP-90 



(90ns) 



H 



TMM2016AP- 



100ns) 



3 [ 



TMM2016AP-12 



(120ns) 



H 



TMM2016AP-15 



TMM2016BP-90 



TMM2016BP-10 



TMM2016BP-12 



(90ns) 



(100ns) 



(120ns) 



TMM2018D-35 



TMM2018D-45 



TMM2018D-55 



(35ns) 



(45ns) 



(55ns) 



TMM2068D-35 



TMM2068D-45 



TMM2068D-55 



(35ns) 



(45ns) 



TMM2078D-35 
(35ns) 



TMM2078D-45 



(45ns) 



Ft 



TMM2078D-55 



(55ns) 



TMM2063P-10 



TMM2063P-12 



(100ns) 



(120ns) 



TMM2064P-10 

(100ns) 



TMM2064P-12 

I 1 



(150ns) 



TMM2016BP-15 



(150ns) 



TMM2063P-15 



(150ns) 



TMM2064P-15 
(150ns) 



CMOS 



I 



4K Bit 




1KX4 




TC5513AP-20 
















(200ns) 










TC5514AP-2 




TC5514AP-3 









[ 



64K Bit 



8KX8 



u 64KX1 



TC5517CP-15 



(150ns) 



TC5518CP-15 



(150ns) 



TC5564PL-15 



(160ns) 



TC5565PL-12 



(120ns) 



TC5565PL-15 



(150ns) 



TC5561P-55 



(55ns) 



TC5562P-45 



TC5562P-55 



(45ns) 



(55ns) 



j 256K Bit 






* 


TC55257P 10 


* 


TC55257P 12 









(100ns) 



(120ns) 



(200ns) 



TC5516AP-2 



(200ns) 



TC5517AP-2 



(200ns) 



TC5517BP-20 



(200ns) 



TC5518BP-20 



TC5517CP-20 



(200ns) 



TC5518CP-20 



(200ns) 



TC5564PL-20 



(200ns) 



TC5661P-70 



(70ns) 



TC5516AP 



(250ns) 



TC5517AP 



(250ns) 



TC5517BP-25 



(250ns) 



TC5518BP-25 



(250ns) 



* : Preliminary 



TOSHIBA EPROM 



NMOS 



64K I 



128K Bit 



256K Bit 



16KX8 



32KX8 



| 8KX8 




TMM2764D-15 




TMM2764D-2 




TMM2764D 
















(150ns) 


- 


(200ns) 


- 


(250ns) 






TMM2764DM5 


TMM2764DI-2 


TMM2764D! 



(150ns) 



TMM27128D-15 



(150ns) 



TMM27128DI-15 



(150ns) 



TMM27256D-15 



(150ns) 



56DI-' 



(150ns) 



(200ns) 



TMM27128D-20 



(200ns) 



TMM27128DI-20 



(200ns) 



TMM27256D-20 



(200ns) 



i2<»)n .1 



(250ns) 



TMM27128D-25 



(250ns) 



TMM27128DI-25 



(250ns) 



CMOS 




256K Bit 




32KX8 




TC57256D-20 




T : ■ ' " I,D ?' 











(200ns) 



(250ns) 



TOSHIBA MASK ROM 



64K Bit 



3— C 



8K < 8 




TMM2365P 








(200ns) 






TMM2366P 





128K Bit 



K 



16KX8 





64K Bit 




8KX8 













256K Bit 




32KX8 















TMM23256P 



(150ns) 



(200ns) 



- | TMM23128P 
(200ns) 





256K Bit 




32KX8 
















1M Bit 




128KX8 











TC53257P 



(200ns) 



TC531000P 
(200ns) 



TC5364P 
(250ns) 

TC5365P 
(250ns) 

TC5366P 
(250ns) 




MEMORY SELECTION GUIDE (1) 



300 



E 



1 00 















TC5514AP-3 














TC5516AP 
TC5517AP 
TC5517BP-25 
TC5518BP-25 


TMM2764D 
TC5364P 
TC6365P 
TC6366P 


TMM27128D-25 


TC57256D-25 




TC5513AP-20 

TTRM AAP J 


TC5516AP-2 

TVf^RI 7AP 9 
1 1^03 1 / ftr-z 

TC5517BP-20 
TC5518BP-20 

• TC5517CP-20 

• TC5518CP-20 


TMM4164AP-20 
1 UDDD4KL-ZU 
TMM2764D-2 
TMM2365P 
TMM2366P 


TMM27128D-20 

I Mlvlzo I cor 


TMM41256C-20 
IMMz/ ZDOU-ZU 

TC57256D-20 
TC53257P 


TC631000P 




TMM201 5AP-12/16 
TMM2015BP-12-15 
TMM2016AP-12/15 
TMM2016BP-12/15 

*TC5517CP-15 

• TC5518CP-15 


TMM4164AP-12/1S 

TMM2063P-12/15 

TMM2064P-12/15 

TC5564PL-15 

TC5565PL-1 2/15 

TMM2764D-15 


TMM27128D-15 


TMM41256C/P-12/15 
TMM41257P-12/15 
TMM41464P-12/15 
*TC55257P-12 
TMM27256D-15 
TMM23256P 


4TMM411000C-12 
4TMM411001C-12 

♦ TC511OO0C-12 

♦ TC511001C-12 




TMM2015AP-90 10 
TMM2015BP-90/10 
TMM2016AP-90'10 
TMM2016BP-90/10 


TMM2063P-10 
TMM2064P-10 
• TC5561P-55/70 




• TC55257P-10 


♦ TMM411000C-10 

♦ TMM411001C-10 

♦ TC511000C-10 

♦ TC611001C-10 




TMM2018D-35/45/55 
TMM2068D-35/45/55 
♦ TMM2078D-35/45/55 


♦ TC6562P-45/55 









4K Bit 16K Bit 64K Bit 128K Bit 256K Bit 1M Bit 
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MEMORY SELECTION GUIDE (2) 



.* : preliminary 



Memory 


Type 


Memory Capacity 


4K Bi> 


16K Bit 


64K Bit 


128K Bit 


256K Bit 


1M Bit 


RAM 


NMOS Dynamic RAM 






TMM4164AP 




TMM41256C/P 

TMM41257P 

TMM41464P 


♦ TMM411000C 

• TMM411001C 


CMOS Dynamic RAM 












•TC511000C 
•TC511001C 


NMOS Static RAM 




TMM2015AP 
TMM2015BP 
TMM2016AP 
TMM2016BP 
TMM2018D 
TMM2068D 
*TMM2078D 


TMM2063P 
TMM2064P 








CMOS Static RAM 


TC5513AP 
TC5514AP 


TC5516AP/AF 
TC5517AP/AF 
TC5517BP/BF 
TC5518BP/BF 
♦ TC5517CP/CF 
*TC5518CP/CF 


TC5564PL 
TC5565PL/FL 

•TC5561P 

•TC5562P 




♦TC55257P 




ROM 


NMOS EPROM 






TMM2764D 
TMM2764DI 


TMM27128D 
TMM27128DI 


TMM27256D 
TMM27256DI 




CMOS EPROM 










TC57266D 




NMOS Mask ROM 






TMM2365P 
TMM2366P 


TMM23128P 


TMM23256P 




CMOS Mask ROM 






TC5364P 

TC5365P/F 

TC5366P 




TC63257P/F 


TC531000P 
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MEMORY SELECTION GUIDE (3) 



Bit 


1 


4 


8 


1K 




TC5513AP 
TC5514AP 




2K 






TMM201 5AP TC551 6AP/AF 
TMM201 5BP TC551 7AP/AF 
TMM2016AP TC551 7BP/BF 
TMM2016BP TC5518BP/BF 
TMM2018D *TC5517CP/CF 
*TC5518CP/CF 


4K 




TMM2068D 
• TMM2078D 




8K 






TMM2063P TMM2365P 
TMM2064P TMM2366P 
TC5564PL TC5364P 
TC5565PL/FL TC5365P/F 
TMM2764D TC5366P 


16K 






TMM27128D 
TMM23128P 


32K 






♦TC55257P TMM23256P 
TMM27256D TC53257P 
TC57256D 


64K 


TMM4164AP 

TC5561P 

TC5562P 


TMM41464P 




128K 






TC531000P 


256K 


TMM41256C/P 
TMM41257P 






1M 


*TMM41100OC *TC511000C 
♦TMM411001C »TC511001C 
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TOSHIBA 



E 



a 

z 

< 



is 


MROM 


TC531000 




< 








< 
















256K 
Bit 


CRAM 


•TC55257 
































MROM 


TMM23256/TC53257 
































EPROM 


TC57256/TMM27256 




< 


























MROM 


TMM23128 
















6 








— 




EPROM 


TMM27128 




k < 










w 












64K Bit 


CRAM 


TC5564/65 














B 












SRAM 


TMM2063/64 




& u 










lo 












MROM 


TMM2365/TC5365 














KJ 












EPROM 


TMM2764 


2 g ^ 




< 


















16K Bit 


CRAM 


TC5517 










IS 














TC5516/18 








i lu 














SRAM 


TMM201 5/16/18 










S3 














><<(JCJ<C_>OQQC]0 
I II 11 II 11 11 — 11 II II II IJ 1 i II I I 1 






OS 1-- 
C*l 

) 


3 (1) (24)26 

4 (2) (23)25 

5 (3) (22)24 

6 (4) (21)23 

7 (5) (20)22 

8 (6) (19)21 

9 (7) (18)20 
10(8) (17)19 
11(9) (16)18 
12(10) (15)17 
13(11) (14)16 
14(12) (13)15 






LJI_IL_!1_ILJLJl_ILJLJI_II_ILJLJLJ 

m 

<<<<<<<<QQQO 




16K Bit 


SRAM 


TMM2015/16/18 




























CRAM 


TC5516/18 


























TC5517 
























64K Bit 


EPROM 


TMM2764 


> < 


























MROM 


TMM2365/TC5365 


u 




























SRAM 


TMM2063/64 
































CRAM 


TC5564/66 




























128K 
Bit 


EPROM 


TMM27128 


> 


























MROM 


TMM23128 


o 
-z. 






























CRAM 


•TC55257 


< 




























EPROM 


TC57256/TMM27256 


> 




























MROM 


TMM23256/TC53257 


y 
-z. 






























MROM 


TC531000 


< 
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TOSHIBA 




CROSS REFERENCE 
1. 64K Bit Dynamic RAM 



TOSHIBA 


TMM4164AP 


Fujitsu 


MB8264A 


Hitachi 


HM4864A 


Mitsubishi 


M5K4164AN 


Motorola 


MCM6665A 


NEC 


^PD4164 


Oki 


MSM3764A 


Tl 


TMS4164 



2. 256K Bit Dynamic RAM 



Organization 


256KX1 (page mode) 


256KX1 (nibble mode) 


64KX4 (page mode) 


TOSHIBA 


TMM41256CP 


TMM41257P 


TMM41464P 


Fujitu 


MB81256 


MB81257 


MB81464 


Hitachi 


HM50256 


HM5025 


HM50464 


Mitsubishi 


M5M4256 


M5M4257 


M5M4464 


NEC 


^PD41256 


;<PD41257 


//PD41464 


Oki 


MSM37256 


MSM37257 




Tl 


TMS4256 


TMS4257 


TMS4464 



3. 16K Bit Static RAM 



1) NMOS 



Organization 




2KX8 




4KX4 


Package Width 


06 inch 


0.3 inch 


TOSHIBA 


TMM2016AP/BP 


TMM201 5AP BP 


TMM2018D 


TMM2068D 


Fujitsu 


MB8128 






MB8168 


Hitachi 


HM6116 


HM6116AS 




HM6168 


Inmos 








IMS1420/1421 


Mitsubishi 


M58725 






M5M2168 


Motorola 






MCM2016H 


MCM61 68/69 


NEC 


//PD4016 


«PD4016CX 






Oki 


MSM2128 









2) CMOS 



Organization 


2KX8 


TOSHIBA 


H ;,,J.i 


TC551 7AP/BP/CP 


TC551 8BP/CP 


Fujitsu 


MB8417 


MB8416 


MB8418 


Hitachi 




(HM6116) 


(HM6117) 


NEC 


HPD447 


... PD.l-in 


H PD449 


Oki 


MSM5127 


MSM5128 


MSM6129 



Me- 



TOSHIBA 




4. 64K Bit Static RAM 



NMOS/CMOS 


NMOS 




CMOS 




Package Width 


3 inch 


0.6 inch 


03 inch 


TOSHIBA 


TMM2063P 


TMM2064P 


TC5564P 


TC5565P 


TC5562P 


Fujitsu 




MB8464 




MB8464 


IIUKI. 1 


litnch 


HM6264AS 


HM6264 




HM6264 


HM6287 


Mitsubishi 




M5M5165 


M5M5164 


M6M5165 




NEC 




;,PD4364 


„PD4464 


WPD4364 


xPD4361 


Ok 




MSM6166 


MSM5164 


MSM5165 




Inmos 










IMS1600 


5. 64K/1 28K Bit EPROM & Mask ROM 


Organization 


8KX8 


16KX8 


EPROM MROM 


EPROM 


MROM 


EPROM 


MROM 


Pins 


28 


28 


24 


28 


28 


TOSHIBA 


TMM2764D 


TMM2364 '66P 
TC5364/65P 


TMM2366P 
TC5366P 


TMM27128D 


TMM23128P 


AMD 


Am2764 






Am27128 






MBM2764 




MB8364 


MBM27128 




Hitachi 


HN482764 


HN61364 


HN48364 


HN4827128 


n 1 N HO 1 




12764 


I2364 




127128 




Mitsubishi 


M5L2764 


M5M2364 


M68334 


M5L27128 




Mostek 




MK37000 


MK36000 






Motorola 






MCM68364 






NEC 


«PD2764 




«PD2364 


/JPD27128 


yPD23128 


Oki 


MSM2764 


MSM3864 


MSM2965 


MSM27128 


MSM38128 


Tl 






TMS4764 






6. 256K/1M Bit EPROM 1 


!• Mask ROM 










Organization 


32KX8 


128KX8 


EPROM/MROM 


EPROM 


MROM 


MROM 


NMOS/CMOS 


NMOS 


CMOS 


NMOS 


CMOS 


CMOS 


TOSHIBA 


TMM27256D 


TC57256D 


TMM23256P 


TC53257P 


TC531000P 


AMD 


(Am27256) 










Fujitsu 


(MBM27256) 


MBM27C256 




MB83256 


MB831124 


Hitachi 


(HN27256) 






HN613256P 


HN62301 


Intel 


027256) 










Mitsubishi 










M6M231000 


NEC 


-/PD27256 


;,PD27C256 


,.<PD23256 


,<PD23C256 


//PD231000 


Oki 






MSM38256 


MSM53256 


MSM531000 


RCA 








CDM53256 





Note:{ );VPP = 12.5V 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
C Sept.. 1985 Toshiba Corporation 



TOSHIBA MOS MEMORY PRODUCTS 



65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM4164AP-12, TMM4164AP-15 
TMM4164AP-20 



DESCRI 

The TMM4164AP is the high speed, low power 
dynamic RAM organized 65,536 words by 1 bit, it 
is successor to the industry standard TMM4164P. 

The TMM4164AP utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 



65,536 words by 1 bit organization 
Fast access time and cycle time 



DEVICE 


tRAC 


tCAC 


tRC 


TMM4164AP-12 


120 ns 


60 ns 


220 ns 


TMM4164AP-15 


150 ns 


75 ns 


260 ns 


TMM4164AP-20 


200 ns 


100 ns 


330 ns 



• Single power supply of 5V± 10% with a built-in 
V BB generator 

• Low power; 275mW operating (MAX.) 

22mW standby (MAX.) 

PIN CONNECTION (TOP VIEW) 




A ~ A, 


Address Inputs 


CAS 


Column Address Strobe 


D|N 


Data In 


NC 


No — Connection 


D OUT 


Data Out 


RAS 


Row Address Strobe 


PwRITE 


Read/Write Input 


v cc 


Power (+5V) 


Vss 


Ground 



Multiplexed address inputs permit the TMM4164AP 
to be packaged in a standard 16 pin plastic DIP. This 
package size provides high system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing capa- 
bility with high performance logic families such t 
Schottky TTL. 



Industry standard 16 pin plastic DIP 
Output unlatched at cycle end allows two-dimen- 
sional chip selection 

Common I/O capability using "EARLY WRITE" 

operation 

Read-Modify-Write, RAS-only refresh and Page 
Mode capabil ity 

All inputs and output TTL compatible 
128 refresh cycles/2ms 



DV CC 

>v ss 



No. 2 CLOCK 
GENERATOR 



A,c 
A,c 
A 3 c 
A40 



COLUMN 
ADDRESS 
BUFFERS (8) 



ROW 
ADDRESS 
BUFFERS (8) 



No. 1 CLOCK 
GENERATOR 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



°Dou 



COLUMN 
DECODER 









512 




SENSE AMP 
I/O GATING 








512 


MEMORY 
ARRAY 
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ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V IN. V OUT 


-1 ~7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


T OPR 


0~70 


°C 




Storage Temperature 


T STG 


-55~ 150 


°C 




Soldering Temperature ■ Time 


T SOLDER 


260 ■ 10 


°C ■ sec 




Power Dissipation 


P D 


600 


mW 




Short Circuit Output Current 


!qut 


50 


mA 


1 




(Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V,H 


Input High Voltage 


2.4 




6.5 


V 


2 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V cc = 5V± 10%, Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


feci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS. CAS Cycling: t RC = t RC MIN.) 






50 


mA 


3,4 


tec 2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = V t H, D 0UT = High Impedance) 






4 


mA 




!CC 3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling. CAS = V !H ; t RC = t RC MIN.) 






40 


mA 


3 


tec« 


' PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = V|l, CAS Cycling: t PC = t re MIN.) 






40 


mA 


3,4 


h (LI 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (0V^V )N ^ 6.5V, 
All Other Pins Not Under Test » 0V) 


-10 




10 


»A 




>0 IL) 


OUTPUT LEAKAGE CURRENT 
(□out is disabled, 0V i V OUT < +5.5V) 


-10 




10 


HA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage dour = — 5mA) 


2.4 






V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage IIqut = 4.2mA) 






0.4 


V 





TMM4164AP-12, TMM4164AP-15 




ELECTRICAL CHARACTERISTICS AND RECOMMEfV 

(V cc = 5V ± 10%, Ta = ~ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM4164AP-12 


TMM4164AP-15 


TMM4164AP-20 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


'RC 


Random Read or Write Cycle Time 


220 




260 




330 




ns 




'RWC 


Read-Write Cycle Time 


240 




285 




350 




ns 




'RMW 


Read-Modify-Write Cycle Time 


260 




310 




390 




ns 




'pc 


Page Mode Cycle Time 


120 




145 




190 




ns 




'RAC 


Access Time from RAS 




120 




150 




200 


ns 


8, 10 


'CAC 


Access Time from CAS 




60 




75 




1 00 


ns 


9, 10 


trjpp 


Output Buffer Turn -Off Delay 


o 


35 


o 


40 


Q 


50 


ns 


11 


t T 


Transition Time (Rise and Fall) 


o 


35 




35 




50 


ns 


6 




RAS Precharge Time 


90 




100 




120 




ns 




'RAS 


RAS Pulse Width 


120 


10,000 


150 


10,000 


200 


10,000 


ns 




'rsh 


RAS Hold Time 


60 


— 


75 


— 


100 


— 


ns 




'CSH 


CAS Hold Time 


120 


— 


150 


— 


200 


— 


ns 




'CAS 


CAS Pulse Width 


60 


10,000 


75 


10,000 


100 

30~ 


10.000 


ns 




'RCD 


HAi> to LAb Delay i ime 


25 


60 


25 


75 


100 


ns 


12 


tCRP 


CAS to RAS Precharge Time 





— 





— 





— 


ns 




'ASR 


Row Address Set-Up Time 





— 





— 





— 


ns 




'rah 


Row Address Hold Time 


15 


— 


15 


— 


20 


— 


ns 




'asc 


Column Address Set-Up Time 





— 





— 





— 


ns 




'CAH 


Column Address Hold Time 


35 


— 


45 





55 


— 


ns 




'AR 


Column Address Hold Time 
neicrenceu lu iiho 


95 




120 




155 




ns 




'RCS 


Read Command Set-Up Time 




















ns 




'RCH 


Read Command Hold Time 





— 





— 





— 


ns 




'WCH 


Write Command Hold Time 


35 


— 


45 


— 


55 


— 


ns 




'WCR 


Write Command Hold Time 
Referenced to RAS 


95 




120 




155 




ns 




%P 


Write Command Pulse Width 


35 




45 




55 




ns 




'rwl 


Write Command to RAS Lead Time 


35 




45 




55 








'CWL 


Write Command to CAS Lead Time 


35 




45 




55 




ns 




'DS 


Data-in Set-Up Time 

















ns 


13 


'DH 


Data-in Hold Time 


35 




45 




55 




ns 


13 


•OBR 


Data-in Hold Time Referenced to RAS 


95 




120 




155 




ns 




'CP 


CAS Precharge Time (for Page 
Mode Cycle Only) 


50 




60 




80 




ns 




'REF 


Refresh Period 




2 




2 




2 


ms 




'wcs 


Write Command Set-Up Time 


-10 




-10 




-10 




ns 


14 


'CWD 


CAS to WRITE Delay 


40 




50 




60 




ns 


14 


'RWD 


RAS to WRITE Delay 


100 




125 




160 




ns 


14 
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TMM4164AP-12, TMM4164AP-15 




• READ CYCLE 

RAS V m ■ 

V, L 

CAS V| H " 



ADDRESSES V IH 



WRITE V| H 



DOUT V °H 



ROW 
ADDRESS 



• WRITE CYCLE (EARLY WRITE) 



COLUMN 
ADDRESS 



^ VALID DATA \ 



E3 > 



«IH- 



X 



CAS Vm 



ADDRESSES 



WRITE ,H " 
V| L - 



-^^r AD 



*R AH t ASC 



ROW 
DDR ESS 



R/7 



t RS H 



I tCAS 



v IL - 



LUMN ^'$f / / / / / / / / ///////// ^ / / / / /} t )/^ 
DRESS %{///// //////////y////////A 



VALID DATA 



0' 
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TMM4164AP-12, TMM4164AP-15 
1M4164AP-2C 



RE AD-WRITE/RE AD-MODI FY-WR I TE CYCLE 



V|L 



ADDRESSES 



"Y 



V| H /, 



V H 



-«RSH- 

-'CSH- 



=r^yyyyyyyyyyyyyyyyyyyyyyyyyyy/M 



<CWO 



vol - 



EN ( 



VALID DATA 



z -y/yyyyyyyyyy/yyyyyyyy/yy^yyyyyy/yK^yy/yyyyy/yyyyyy//, 



> 



• "RAS-ONLY" REFRESH CYCLE 



ADDRESSES 



V|H— 7 



X 



/ 



ROW ADDRESS 



V 



V H - 

DouT vol . 



Note: CAS ■ V !H , WRITE = Don't Care, A 7 = Don't Care 



Don't Care 
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TMM4164AP-12, TMM4164AP-15 
1AP-20 



• PAGE MODE READ CYCLE 



V|H - 



V| H 
Vlt " 



ADDRESSES V|H 



D UT V OH ' 

Vol - 



»CSH 

*RCD 



l ASR 
i 



Ik 



-n- 



v 



COL 
ADD 



'CAH 
'ASC 



COL V 
ADO / 3 

tCAC 



-f H 



& — CP 



• PAGE MODE WRITE CYCLE 



ADDRESSES 
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TMM4164AP-12, TMM4164AP-15 




(V CC =5V±10%, f=1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


c M 


Input Capacitance (A ~ A 7 , D !N ) 




4 


5 


pF 


C|2 


1 nput Capacitance ( R AS, CAS. WRITE) 




8 


10 


pF 


C„ 


Output Capacitance (Dqut) 




5 


7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vgs, 

3- Icci . 'CC3. icC4 depend on cycle rate. 

4 Ice i . kx« depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200(js is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume t-r = 5ns. 

7. V| H (min.) and V !L (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween V| H and V !L . 

8. Assumes that t RCD < t RC D (max.). If tRcD is greater than the maximum recommended value shown in this table, t RA c will 
increase by the amount that tRCD exceeds the value shown. 

9. Assumes that tRCD = tRCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

n. trjFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

1 2. Operation within the t rcd (max.) limit insures that t RA c(max.)can be met. t RCD (max.) is specified as a reference point only: 
lf 'RCD is greater than the specified t R cD (max.) limit, then access time is controlled exclusively by Icac. 

1 3. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify -write cycles. 

14. twes- tcwD ahd t R wD are n °t restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twes = twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle: 

lf tcwD = tcwD (min.) and tpwo = tRWD ' min -). the cycle is a read-write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate. 



APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164AP are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip. The sec- 
ond clock, the Column Address Strobe (CAS), subse- 
quently latches the 8 colu mn a ddres s bit s into the 
chip. Each of these signals, RAS and CAS, triggers a 
sequence of events which are controlled by different 



delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurence of a 
delayed sig nal d erived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (t RAH ) has been sat : sfied and the 
address inputs have been changed from Row address 
to Column address information. 
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TMM4164AP-12, TMM4164AP-15 



DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D| N ) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the D, N is strobed by CAS and the set- 
up and hold times are re feren ced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read -wr ite c ycle.the WRITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold times are re feren ced to the 
negative edge of WRITE rather than C AS. (T o illus- 
trate this feature, D| N is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "earl y write" cycle dia- 
gram shows D| N referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
thro ughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) 
of the TMM4164AP is the high impedance (open cir- 



cuit) state. That is to say, anytime CAS is at a high 
level, the D ou t pin will be floating. The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle . Dout 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM4164AP al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address is 
common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times. 
REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 row 
address (A ~ A 6 ) within each 2 millisecond time 
interval. Although any normal memory cycle will 
perform the refresh operati on, t his function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Ice 3 specification. 



OUTLINE DRAWINGS 





2.54 ± 0.25 



Note : Each lead pitch is 2 . 54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 16 leads. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
©Aug . 1985 Toshiba Corporation 



-28- 



TOSHIBA MOS MEMORY PRODUCTS 



262.144 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM41256C-12, TMM41256C-15 
TMM41256C-20 



DESCRIPTION 

The TMM41256C is the new generation dynamic 
RAM organized 262,144 words by 1 bit, it is successor 
to the industry standard TMM4164AP. 

The TMM41256C utilizes TOSHIBA'S N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM- 



41256C to be packaged in a standard 16 pin ceramic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing 
capability with high performance logic families such 
as Schottky TTL. 



FEATURES 

» 262,144 words by 1 bit organization 
Fast access time and cycle time 



DEVICE 


tRAC 


tCAC 


l RC 


TMM41256C-12 


120 ns 


60 ns 


220 ns 


TMM41256C-15 


150 ns 


75 ns 


260 ns 


TMM41256C-20 


200 ns 


100 ns 


330 ns 



Single power supply of 5V ±10% with a built-in 
Vbb generator 
Low Power: 

330mW Operating (MAX.) (TMM41 256C-1 2) 
275mW Operating (MAX.) (TMM41256C-15/-20) 
28mW Standby (MAX.) 




PIN NAMES 



A„ ~ A, 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


D OUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 



Industry standard 16 pin ceramic Dl P 
Output unlatched at cycle end allows two-dimen- 
sional chip selection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Modify-Write, RAS-only refresh, Hidden 
refresh, and Page Mode capability. 
All inputs and output TTL compatible 
256 refresh cycles/4ms 



— oV CC 
— oVss 
-•"in 



2: 



NO. 2 CLOCK 
GENERATOR 



A < 
A, c 
A 2 1 
A 3 < 
A 4 c 
AS t 
A 6 < 
A 7 C 
A 8 c 



COLUMN 
ADDRESS 
BUFFERS (9) 



ROW 
ADDRESS 
BUFFERS (9) 



NO. 1 CLOCK 
GENERATOR 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



1 °OUT 



COLUMN 
DECODER 



SENSE AMP 
I/O GATING 



MEMORY 
ARRAY 
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TMM41256C-12, TMM41256C-15 
TMM41256C-20 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V IN . v OUT 


-1 ~7 


V 




Power Supply Voltage 


Vcc 


-1 ~7 


V 




Operating Temperature 


Topr 


0~70 


°c 




Storage Temperature 


T STG 


-55 ~ 150 


°c 




Soldering Temperature • Time 


TSOLDER 


260 ■ 10 


°C ■ sec 




Power Dissipation 


Pb 


1 


W 




Short Circuit Output Current 


•out 


50 


mA 





i(Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




6.5 


V 


2 


V|L 


Input Low Voltage 


-1.0 




0.8 


V 


2 



! (V C c = 5V ± 10%, Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


to 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling: t RC = t RC MIN.) 


TMM41256C-12 




60 


mA 


3.4 


TMM41256C-15/-20 




50 


ICC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS = CAS = V 1H ) 




5 


mA 




fcc3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 


TMM41256C-12 




45 


mA 


3 


(RAS" Cycling. CAS = V 1H : t RC - t RC MIN.) 


TMM41256C-15/20 




40 


tc4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V|i_ , CAS Cycling : tpc = tpc MIN.) 


TMM41256C-12 




45 


mA 


3,4 


TMM41256C-15/-20 




40 


'ltl_> 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV ^ Vim ^ 6.5V, 
All Other Pins Not Under Test = OV) 


-10 


10 


0A 




'OIL! 


OUTPUT LEAKAGE CURRENT 
(Doux is disabled. OVg V OUT ^+5.5V) 


-10 


10 


ItA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage Oout = —5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 




0.4 


V 
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TMM41256C-12, TMM41256C-15 




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V C c = 5V ±10%, Ta = ~ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM41256C-12 


TMM41256C-15 


TMM41256C-20 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


220 




260 


- 


330 


- 


ns 




tRWC 


Read-Write Cycle Time 


240 


- 


285 


- 


350 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


260 


- 


310 


- 


390 


- 


ns 




tpc 


Page Mode Cycle Time 


120 


- 


145 


- 


190 


- 


ns 




tRAC 


Access Time from RAS 


- 


120 


- 


150 


- 


200 


ns 


8, 10 


tCAC 


Access Time from CAS 




60 




75 




100 


ns 


9, 10 


l OFF 


Output Buffer Turn-Off Delay 





35 





40 





50 


ns 


1 1 


tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


6 


tRP 


RAS Precharge Time 


90 


_ 


100 




120 


_ 


ns 




*RAS 


RAS Pulse Width 


120 


10,000 


150 


10,000 


200 


10,000 


ns 




tRSH 


RAS Hold Time 


60 




75 





100 




ns 




*CSH 


CAS Hold Time 


120 


- 


150 


- 


200 


- 


ns 




tCAS 


CAS Pulse Width 


60 


10,000 


75 


1 0,000 


1 00 


1 0,000 


ns 






RAS to CAS Delay Time 


25 


60 


25 


75 


30 


100 


ns 


13 


*CRP 


CAS to RAS Precharge Time 





















t CPN 


CAS Precharge Time 


25 


- 


25 




30 


- 


ns 




*CP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


50 




60 




80 




ns 




*ASR 


Row Address Set-Up Time 





— 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 




15 




20 




ns 




tASC 


Column Address Set-Up Time 

















ns 




tCAH 


Column Address Hold Time 


35 




45 




55 




ns 




t 


Column Address Hold Time 
Referenced to RAS 






120 




1 55 








l RCS 


Read Command Set-Up Time 





- 





- 


.0 


- 


ns 




tRCH 


Read Command Hold Time 
Referenced to CAS 





- 





- 





- 


ns 




tRRH 


Read Command Hold Time 
Referenced to RAS 


15 




20 




25 




ns 


12 


tWCH 


Write Command Hold Time 


35 




45 




55 




ns 




tWCR 


Write Command Hold Time 
Referenced to RAS 


95 


- 


120 


- 


155 


- 


ns 




twp 


Write Command Pulse Width 


35 




45 




55 




ns 




tRWL 


Wrtie Command to RAS Lead Time 


35 




45 




55 




ns 




tCWL 


Write Command to CAS Lead Time 


35 




45 




55 




ns 






Data-in Set-Up Time 

















ns 


14 


Idh 


Data-in Hold Time 


35 




45 




55 




ns 


14 


tDHR 


Data-in Hold Time 

Referenced to RAS 


95 




120 




155 




ns 




tREF 


Refresh Period 




4 




4 




4 


ms 




twcs 


Write Command Set-Up Time 


-10 




-10 




-10 




ns 


15 


*CWD 


CAS to WRITE Delay 


40 




50 




60 




ns 


15 


tRWD 


RAS to WRITE Delay 


100 




125 




160 




ns 


15 
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(V CC = 5V +10%, f = 1MHz, Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


Cm 


Input Capacitance (A ~ A„, D| N ) 




6 


pF 


C|2 


Input Capacitance (RAS. CAS. WRITE) 




7 


pF 


Co 


Output Capacitance (Cout) 




7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vsg. 

3 'CC1 . 'CC3. 'cC4 depend on cycle rate. 

4. 'cci ■ 'CC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/is is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tj = 5 ns. 

7. V|h (min.) and V|i_ (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween V(h and V||_. 

8. Assumes that tRCD S tRCD (max.). If tRCD is greater than the maximum recommended value shown in this table. tRAC wil ' 
increase by the amount that tRCD exceeds the value shown. 

9. Assumes that tRCD ^ l RCD (max.} 

10. Measured with a load equivalent to 2 TTL loads and 100pF. 

1 1 . t FF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Either tRCH or tRR H must be satisfied for a read cycle. 

13. Operation within the tRCD (max.) limit insures that t RA c (max.) can be met. t RCD (max.) is specified as a reference point 
only: IftRco is greater than the specified tRco (max.) limit, then access time is controlled exclusively by t C AC. 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify -write cycles. 

twcs. *CWD and *rwd are n ot restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ^ twcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tcwD ^ *Cwd (min.) and t RWD ^ tRWD (min.), the cycle is a read-write cycle or read-modify- 
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 
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TMM41256C-12, TMM41256C-15 
TMM41256C-20 



• WRITE CYCLE (EARLY WRITE) 



ADDRESSES 



ADDRESS 



/ 



wmmnimm 



:z '///////////h : 



T- W////////M 



T ///////////////////M A 



VALID DATA 



• RE AD-WRITE/RE AD MODIFV-WRITE CYCLE 



RAS v 'h — 
V|L — 



L . /aALadoress 



IRSM 
'CSM 
'CAS 



ETA 



■ A »J ' ASC J 'CAM 

^ ^^w///////////////////m 



- '/////////T ' 



™ L J I 



VALID DATA 



: '///////////////////////////A 



7 ?^i k/////////// ZL 



• "RAS - ONLY" REFRESH CYCLE 



f 



D»ot',.,. 



Note: CAE - V, H . WRITE - Don'! OM, A a - Don't can 



L3 C 
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TMM41256C-12, TMM41256C-15 




APPLICATION INFORMATION 

ADDRESSING 

The 18. address bits required to decode 1 of the 
262,144 cell locations within the TMM41256C are 
multiplexed onto the 9 address inputs and latched 
into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled 
by different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address 
Hold Time specification (tRAH ) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 
DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (D|n) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Din is strobed by CAS and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desire d that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re- 
feren ced to the negative edge of WRITE rather 
tha n CAS. (To illustrate this feature. Din is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"early write" cycle diagram shows Din referenced 
to CAS). 

Data is retrieved from the memory in a read 



cycle by maintaining WRITE in the inactive_or high 
state throughout the portion of the memory cycle 
in which CAS is active (low). Data read from the 
selected cell will be available at the output within 
the specified access time. 
DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dtjut) 
of the TMM41256C is the high impe dance (open 
circuit) state. This is to say, anytime CAS is at a 
high level, the DrjUT Pi n will De floating. The only 
time the output will turn on and contain either a 
logic or logic 1 is at access time during a read cycle. 
DouT will remain valid from access time until CAS 
is taken back to the inactive (high level) condition. 
PAGE MODE 

The "Page-Mode" feature of the TMM41256C 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobi ng th e row address into the chip and 
maintaining the RAS signal at a logic throughout 
all successive memory cycles in which the row address 
is common. This "Page Mode" of operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 
REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 256 
row address (Ao ~ A?) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operation, this funciton is 
most easily accomplished with "RAS - only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 




An optional feature of the TMM41256C is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refre sh. Hidden Refresh is performed by 
holding CAS at V||_ and taking RAS high and after 
a specified precharge period (tRp), executing a 
"RAS - only" refresh cycle, but with CAS held low. 



TMM41256C-12, TMM41256C-15 




OUTLINE DRAWINGS 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 16 leads. All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are Implied, and Toshiba reserves 
the right, at any time without noitce, to change said circuitry. 



©Aug.. 198& Toshiba Corporation 




262,144 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



Y PRODUCTS 

TMM41256P-12 
TMM41256P-15 



DESCRIPTION 

The TMM41256P is the new generation dynamic 
RAM organized 262,144 words by 1 bit, it issuccessor 
to the indudtry standard TMM41 64AP. 

The TMM41256P utilizes TOSHIBA'S N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM- 



41256P to be packaged in a standard 16 pin plastic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing 
capability with high performance logic families such 
as Schottky TTL 



FEATURES 

• 262,144 words by 1 bit organization 

• Fast access time and cycle time 



DEVICE 


tRAC 


*CAC 


tRC 


TMM41256P-12 


120 ns 


60 ns 


220 ns 


TMM41256P-15 


150 ns 


75 ns 


260 ns 



Single power supply of 5V ±10% with a built-in 
Vrr generator 
Low Power: 

330mW Operating (MAX.) (TMM41256P-12) 
275mW Operating (MAX.) (TMM41256P-15) 
28mW Stand by (MAX.) 




A„ ~ A, 


Address Inputs 


CAS 


Column Address Strobe 


D|N 


Data In 


D OUT 


Data Out 


RaS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


v S s 


Ground 



Industry standard 16 pin plastic DIP 
Output unlatched at cycle end allows two-dimen- 
sional chip selection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Modify-Write. RAS -only refresh. Hidden 
refresh, and Page Mode capability. 
All inputs and output TTL compatible 
256 refresh cycles/4ms 



>v cc 



2: 



NO. 2 CLOCK 
GENERATOR 



A ■ 

A, < 

A 2 I 

A 3 ■ 

A„ c 

As < 

A 6 < 

A 7 c 

a s e 



COLUMN 
ADDRESS 
BUFFERS (9) 



ROW 
ADDRESS 
BUFFERS (9) 



NO. 1 CLOCK 
GENERATOR 



DATA IN 
BUFFER 



-o D )N 



DATA OUT 
BUFFER 



COLUMN 
DECODER 



SENSE AMP 
I/O GATING 



MEMORY 
ARRAY 
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TMM41256P-12 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V|N . Vout 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1 ~7 


V 




Operating Temperature 


TrjPR 


0-70 


°c 




Storage Temperature 


T STG 


-55 - 1 50 


°c 




Soldering Temperature • Time 


T SOLDER 


260 ■ 10 


°C ■ sec 




Power Dissipation 


P D 


600 


mW 




Short Circuit Output Current 


'out 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V| H 


Input High Voltage 


2.4 




6.5 


V 


2 


V| L 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V cc = 5V ±10%, Ta = ~ 70°C) 



SYMBOL 


PARAMETER | MIN. | MAX. | UNITS 


NOTES 


feci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling: t R c=tR C MIN.) 


TMM41256P-12 




60 


mA 


3.4 


TMM41256P-15 




50 


to 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS = CAS = V| H ) 




5 


mA 




ICC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = V, H : t RC = t RC MIN.) 


TMM41256P-12 




45 


mA 


3 


TMM41256P-15 




40 


fcc4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = Vil . CAS Cycling : t PC = t PC MIN.) 


TMM41256P-12 


_ 


45 


mA 


3,4 


TMM41256P-15 




40 


'lIU 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV ^ V| N g 6.5V, 
All Other Pins Not Under Test = OV) 


-10 


10 


KA 




'oid 


OUTPUT LEAKAGE CURRENT 
(Do UT is disabled. OV g V 0UT 5j +5.5V) 


-10 


10 


ma 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage Oout = —5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 




0.4 


V 






ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C c = 5V ±10%, Ta = ~ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM41256P-12 


TMM41256P-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


220 


- 


260 


- 


ns 




tRWC 


Read-Write Cycle Time 


240 


- 


285 


- 


ns 




'rmw 


Read-Modify -Write Cycle Time 


260 


- 


310 


- 


ns 




tpc 


Page Mode Cycle Time 


120 


- 


145 


- 


ns 




'RAC 


Access Time from RAS 


- 


120 


- 


150 


ns 


8, 10 


•CAC 


Access Time from CAS 




60 




75 


ns 


9, 10 


'OFF 


Output Buffer Turn-Off Delay 





35 





40 


ns 


11 


tr 


Transition Time (Rise and Fall} 


3 


50 


3 


50 


ns 


6 


tRP 


RAS Precharge Time 


90 




100 




ns 




tRAS 


RAS Pulse Width 


120 


10,000 


150 


10,000 


ns 




tRSH 


RAS Hold Time 


60 




75 




ns 




'CSH 


CAS Hold Time 


120 


- 


150 


- 


ns 




'CAS 


CAS Pulse Width 


60 


10,000 


75 


10,000 


ns 




'RCD 


RAC tr. PAC Plolav Time 
n mo iu lmo LJtjidy I line 


25 


60 


25 


75 


ns 


1 3 


tCRP 


L.HC IU IsAAo r I cLi Idl yc 1 line 












ns 




tCPN 


CAS Precharge Time 


25 




25 




ns 




tCP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


50 




60 




ns 




'ASR 


Row Address Set-Up Time 












ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


ns 




'asc 


Column Address Set-Up Time 





- 





- 


ns 




tCAH 


Column Address Hold Time 


35 


- 


45 


- 


ns 




*AR 


Column Address Hold Time 
Referenced to RAS 


95 




120 




ns 




'rcs 


Read Command Set-Up Time 










— 


ns 




tRCH 


Read Command Hold Time 
Referenced to CAS 





- 





- 


ns 


12 


Irrh 


Read Command Hold Time 
Referenced to RAS 


15 




20 




ns 


12 


tWCH 


Write Command Hold Time 


35 


— 


45 


— 


ns 




tWCR 


Write Command Hold Time 
Referenced to RAS 


95 


- 


120 


- 


ns 




twp 


Write Command Pulse Width 


35 




45 




ns 




tRWL 


Write Command to RAS Lead Time 


35 




45 




ns 




tCWL 


Write Command to CAS Lead Time 


35 




45 




ns 




tDS 


Data-in Set-Up Time 












ns 


14 


tDH 


Data-in Hold Time 


35 




45 




ns 


14 


'DHR 


Data-in Hold Time 

Referenced to RAS 


95 




120 




ns 




tREF 


Refresh Period 




4 




4 


ms 




twcs 


Write Command Set-Up Time 


-10 




-10 




ns 


15 


tCWD 


to WRITE Delay 


40 




50 




ns 


15 


tRWD 


RAS to WRITE Delay 


100 




125 




ns 


15 
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CAPACITANCE 

(V CC = 5V ±10%, f = 1MHz, Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


C|1 


I nput Capacitance ( A ~ A 8 , D| N ) 




5 


pF 


C,2 


Input Capacitance (R AS. CAS. WRITE) 




7 


pF 


Co 


Output Capacitance (Ct) UT ) 




7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss- 

3 - feci . fcc3. 'CC4 depend on cycle rate. 

4 - ted . 'CC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/is is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume t T = 5 ns. 

7. V| H (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween V| H and V| L . 

8. Assumes that tRcD i <RCD (max.). If tRCD is greater than the maximum recommended value shown in this table, t RAC will 
increase by the amount that tRcD exceeds the value shown. 
Assumes that tpcD ^ tRCD (max.) 

Measured with a load equivalent to 2 TTL loads and 100pF. 

toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

Either tRcH or tRRH must be satisfied for a read cycle. 

Operation within the t RC D (max.) limit insures that t RAC (max.) can be met. t RC o (max.) is specified as a reference point 
only: If tRCD is greater than the specified tRco (max.) limit, then access time is controlled exclusively by tcAC 
These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify -write cycles. 

twcs. tcwD and tR WD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If t W cs 2? twcs (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If t C WD i t C wD Mn.) and t RWD ^t Rwcl (min.), the cycle is a read-write cycle or read-modify- 
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 



9. 
10. 
11. 

12. 
13. 



15. 



• READ CYCLE 




"OH 









W////////W 

'BAC 






OPEN <^ 


VALID OAt 


l> 
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• WRITE CYCLE (EARLY WRITE) 



ADDRESSES 



::z '//////////A - 



::: WMMM 

VOH — 1 



i *CPN 



t/i//////////////////////, 



VALID DATA 



W////////////////7 ZH 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 



nss V ' H — 

V|L — 



ADDRESSES 



l CSH 
«CAS 



,0' 



H, tASCI 'CAH 

'HWO . , *CW L . 

'CWD I <RWL 



'Hi 



Z- >////////////////////////////, 



• "HAS - ONLY" REFRESH CYCLE 



'//////////// 
ff\ Dnot' care 



:::: W///////) C 



■"AH i 
DORESS 



ROW ADDRESS 



WMM2ZMMML 



Now: CAS = V| H , WRITE - Don't care, A B = Don' 
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• HIDDEN REFRESH CYCLE 




• PAGE MODE READ CYCLE 

, 'HAS 




B*l>— 



• PAGE MODE WRITE CYCLE 
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APPLICATION INFORMATION 



The 18 address bits required to decode 1 of the 
262,144 cell locations within the TMM41256P are 
multiplexed onto the 9 address inputs and latched 
into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signajs, RAS and CAS, 
triggers a sequence of events which are controlled 
by different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address 
Hold Time specification (tRAH) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 




Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS wh ile R AS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (Din) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Din is strobed by CAS and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desire d that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re- 
feren ced to the negative edge of WRITE rather 
tha n CAS. (To illustrate this feature, Din is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"early write" cycle diagram shows Din referenced 
to CAS). 

Data is retrieved from the memory in a read 



TMM41256P-12 
TMM41256P-15 



cycle by maintaining WRITE in the inactive or high 
state thro ugho ut the portion of the memory cycle 
in which CAS is active (low). Data read from the 
selected cell will be available at the output within 
the specified access time. 

The normal condition of the Data Output (DrjUT) 
of the TMM41256P is the high impe dance (open 
circuit) state. This is to say, anytime CAS is at a 
high level, the Dout Pin will be floating. The only 
time the output will turn on and contain either a 
logic or logic 1 is at access time during a read cycle. 
DouT will remain valid from access time until CAS 
is taken back to the inactive (high level) condition. 
PAGE MODE 

The "Page-Mode" feature of the TMM41256P 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobing the row address into the chip and 
maintaining the RAS signal at a logic throughout 
all successive memory cycles in which the row address 
is common. This "Page Mode" of operation will 
not dissipate th e pow er associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 

Refresh of the dynamic eel I matrix is accompl ished 
by performing a memory cycle at each of the 256 
row address (Ao ~ A7) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operation, this funciton is 
most easily accomplished with "RAS - only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 
HIDDEN REFRESH 

An optional feature of the TMM41256P is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refresh. Hidden Refresh is performed by 
holding CAS at V| L and taking RAS high and after 
a specified precharge period (tpp), exe cuting a 
"RAS - only" refresh cycle, but with CAS held low. 
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Note : Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with 
respect to No. 1 and No. 16 leads. All dimensions are in millimeters. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without noitce, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 



TOSHIBA MOS MEMORY PRODUCTS 

262,144 WORD X 1 BIT DYNAMIC RAM "IVI IVI41 257 P~1 2 

TMM41257P-15 



SILICON MONOLITHIC 
N CHANNEL SILICON GATE MOS 



DESCRIPTION 

The TMM41 257P is the N-channel dynamic RAM 
organized 262,144 words by 1 bit. Multiplexed 
address inputs permit the TMM41257P to be pack- 
aged in a standard 16 pin plastic DIP. This package 
size provides high system bit densities and is com- 
patible with widely available automated testing and 
insertion equipment. 

The double layered MOS technology with 
polycide and poly Si permits the TMM41257P high 
speed operation. Also, the advanced circuit tech- 



niques have realized low power dissipation. 

System oriented features include single power 
supply of 5V±10% tolerance, driect interfacing 
capability with high performance logic families such 
as schottky TTL. 

In a dditio n to the RAS only refresh mode, a CAS 
before RAS automatic refresh is available. Another 
special feature of TMM41257P is nibble mode, 
allowing the user to serially access 4 bits of data at a 
high data rate. 



• 262,144 words by 1 bit organization 

• Fast access time and cycle time 





TMM41257P-12 


TMM41257P-15 


RAS Access Time 


120ns 


1 50ns 


CAS Access Time 


60ns 


75ns 


Cycle Time 


220ns 


260ns 


Nibble Mode 

Access Time 


30ns 


40ns 


Nibble Mode 

Cycle Time 


55ns 


70ns 



• Single power supply of 5V±10% with a built-in 
Vbb generator 



• Low Power : 

385mW Operating (MAX.) (TMM41 257P-1 2) 
330mW Operating (MAX.) (TMM41 257P-1 5) 
28mW Standby (MAX.). 

• Industry standard 16 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read -Modify-Write, CAS befere RAS refresh, 
RAS-only refresh. Hidden refresh, and Nibble 
Mode capability 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 



ECTION (TOP VIEW) 



_ik.li 

SFTTT [ 3 

RA3[4 

A t i> 
AH C6 
A 1 [V 



16 ) V ss 
15 1CAS 
14 I D 0UT 
13lA 6 
12]A 3 



Ao~A8 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data 1"! 


Doui 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 



BLOCK DIAGRAM 

vcc »ss 



*1 c 

A 2 C 

*3 C 
A 4 C 
As,C 

*6<= 
A 7 
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"ID 



i — r 



DyOT 

? 



COLUMN 
ADDRESS 
BUFFERS (9) 



HOW 

ADDRESS 
BUFFERS (y) 



NO- 1 CLOCK 
GENERATOR 



e!__J 



NIBBLE 
SELECTOR 



CO ,.. 1JMN 

DECODER 



SENSE AMP 
1/0 OAT J NO 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


VlN. VOUT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


Topb 


0-70 


■c 




Storage Temperature 


TsTG 


-55- 1 50 


'C 




Soldering Temperature-Time 


TsOLDEH 


260-10 


'C-sec 




Power Dissipation 




600 


mW 




Short Circuit Output Current 


lout 


50 


mA 





(Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


V,L 


Input Low Voltage 


-1 .0 




0.8 


V 


2 




(Vcc=5V±10%, Ta = 0-70'C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


Icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS. CAS" Cycling : tRc = tRc MIN.) 


TMM41257P-12 




70 


mA 


3.4 


TMM41257P-15 




60 


ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CAS = Vih) 




5 


mA 




ICC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS = Vih : tRc=tnc MIN.) 


TMM41257P-12 




60 


mA 


3 


TMM41257P-15 




50 


ICC4 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 

(RAS = Vil, CAS Cycling : tNC=t N c MIN I 


TMM41257P-12 




40 


mA 


3.4 


TMM41257P 15 




3':' 


ICC5 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current. CAS Before RAS Mode 

(RAS Cycling. CAS Before RAS : tRc = t B c MIN.) 


TMM41257P-12 




60 


mA 


3 


TMM41257P-15 




50 


lllLI 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VSVinS6.5V. All Other Pins Not Under Test 
= 0V) 


-10 


10 


„A 




lo(L) 


OUTPUT LEAKAGE CURRENT 

(Dout is disabled. OVSVoutS +5.5V) 


-10 10 






VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (loui = -5mA) 


2.4 — 


V 




Voi 


OUTPUT LEVEL 

Output "L" Level Voltage (loui -4.2mA) 




0.4 


V 
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ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



(Vcc = 5V±109i. Ta = 0~70 - C) (Notes 5. 6. 7) 



SYMBOL 


PARAMETER 


TMM41257P-12 


TMM41257P-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN . 


MAX. 


tBC 


Random Read or Write Cycle Time 


220 


— 


260 


- 


ns 




Trwc 


Read-Write Cycle Time 


240 


— 


285 


— 


ns 




tflMW 


Read-Modify-Wnte Cycle Time 


260 


— 


310 


— 


ns 




tRAC 


Access Time from RAS 


- 


120 


— 


150 


ns 


8.10 


tCAC 


Access Time from CAS 




60 


— 


75 


ns 


9.10 


tOFF 


Output Buffer Turn-Off Delay 


5 


30 


5 


35 


ns 


1 1 


tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


tBP 


RAS Precharge Time 


90 


— 


100 




ns 




tHAS 


RAS Pulse Width 


120 


10.000 


150 


10,000 


ns 




tRSH 


RAS Hold Time 


60 




75 


_ 


hs 




tCSH 


CAS Hold Time 


120 




150 




ns 




tCAS 


CAS Pulse Width 


60 


10,000 


75 


10.000 


ns 




tRCD 


RAS to CAS Delay Time 


25 


60 


25 


75 


ns 


13 


tCRP 


CAS to RAS Precharge Time 


10 





10 





ns 




tcPN 


CAS Precharge Time 


20 




25 





ns 




tASR 


Row Address Set-Up Time 





_ 





_ 


ns 




tRAH 


Row Address Hold Time . 


15 




15 




ns 




tASC 


Column Address Set-Up Time 












ns 




tCAH 


Column Address Hold Time 






30~~ 


z 


ns 




tAR 


Column Address Hold Time Reference to RAS 


85 


_ 


105 




ns 




tRCS 


Read Command Set-Up Time 












ns 




tRCH 


Read Command Hold Time Reference to CAS 





_ 







ns 


12 


tHRH 


Read Command Hold Time Reference to RAS 


15 




20 




ns 


12 


twCH 


Write Command Hold Time 


25 




30 




ns 




tWCR 


Write Command Hold Time Reference to RAS 


85 




105 




ns 




tWP 


Write Command Pulse Width 


25 


_ 


30 


_ 


ns 




tRWL 


Write Command to RAS Lead Time 


35 




45 




ns 




1CWL 


Write Command to CAS Lead Time 


35 




45 




ns 




tDS 


Data-in Set-Up Time 












ns 


14 


tDH 


Data-in Hold Time 


25 


_ 


30 




ns 


14 


tDHR 


Data-in Hold Time Reference to RAS 


85 


_ 


105 




ns 




7 - 


Refresh Period 




4 




4 


ms 




twcs 


Write Command Set-Up Time 












ns 


15 


tCWD 


CAS to WRITE Delay 


40 


_ 


50 




ns 


15 


tRWD 


RAS to WRITE Delay 


100 





125 




ns 


15 


tCSR 


CAS Set-Up Time (CAS before RAS) 


10 


— 


10 




ns 




tCHR 


CAS Hold Time (CAS before RAS) 


30 




30 




ns 




tRPC 


RAS Precharge to CAS Active Time 












ns 




tcPT 


CAS Precharge Time (CAS before RAS Counter Test) 


50 




60 






tNC 


Nibble Mode Cycle Time 


55 




70 






tNCAC 


Nibble Mode Access Time 




30 




40 


ns 


10 


Tr, .'. 


Nibble Mode Pulse Width 


30 




40 




ns 




tNCP 


Nibble Mode CAS Precharge Time 


15 




20 




ns 




tNRRSH 


Nibble Mode RAS Hold Time (Read) 


25 




30 




ns 




twWRSH 


Nibble Mode RAS Hold Time (Write) 


45 




50 




ns 




tNCWD 


Nibble Mode CAS to WRITE Delay Time 


30 




40 




ns 




tNCWL 


Nibble Mode WRITE Command to CAS Read lime 


25 




30 




ns 
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CAPACITANCE] (Vet = 5V± 1 0%. f=1MHz. Ta = 0-70'C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNITS 


Cn 


Input Capacitance (Ao~Ae, Din) 




5 


PF 


C,2 


Input Capacitance (RAS. CAS, WRITE) 




7 


pF 


Co 


Output Capacitance (Dour) 




7 


pF 



NOTES : 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss. 

3. lees. Icc3. Icc4. Ices, depend on cycle rate. 

4. Icci. Icc4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200^s is required after power-up followed by any 8 RAS cycles befo re proper device operation 
is achieved. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are reguired . 

6. AC measurements assume tt = 5ns. 

7. Vin(mm ) and Vulmax.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Assumes that tRCDfitRCDlmax.). If ircd is greater than the maximum recommended value shown in this table, irac 
will increase by the amount that tRCD exceeds the value shown. 

9. Assumes that tRCD^tRCDtmax.). 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1 . ton (max.) defines the time at which the output achieves the open circuit condition and in not referenced to output 
voltage levels. 

12. Either tRCH or tRflH must be satisfied for a read cycle. 

1 3 . Operation within the tRcdmax (limit insures that tRAc(max . ) can be met . tRco(max . ) is specified as a reference point 
only : If ircd is greater than the specified tRcolmax.) limit, then access time is controlle d exclusively by tcAc. 

14. These parmeters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read-modify-wnte cycles. 

15. twes, tcwD and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twes^twestmm.), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle ; If tcwoStcwDfrnin.) and tRwoitRWDlmin.). the cycle is a read-write 
cycle or read- modify- write cycle and the data out will contain data read from the selected cell : If neither of the 
above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate 
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TIMING WAVEFORMS 
• READ CYCLE 



Hi. 



"1H 



V IH 7, 



D OUT 



V H 
V OL 



ROW 

ADDRESS 



l RAH 



l ASO 



COLUMN 
ADDRESS 



TMM41257P-12 



^CAG 



j fan \ 



7 



t RRH | 

^RCH 



VALID DATA ^ 



Don ' t Care 



• WRITE CYCLE (EARLY WRITE) 



Din 



D OUT 



fit 

VlH 



VlL 



VlL 



X 



t ASH 



tRAS 



t AR 



t CSH 



tRCD 



ROW 

ADDRESS. 



V 



%5H 



00 [jUMN 
ADDRESS 



= 'Z////////M : 



i i t, 



twCR 



7 



W///////////////////7, 



C RWL 



t DHR 



| Don ' t Gar© 
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• READ-WRITE READ-MODIFY-WRITE CYCLE 



VlH 
VlL 

VlH 
VlL 

VlH 
V IL 



D 0UT "OH 



'HAS 



*RCD 



tRAii 



/ ^DDRESS ^/// ^ AD 



DLUMN 

DDR ESS 



r -RCS 



Vol — 



tRSH 



tCAS 



C RAC 



/ V 



"•CRP 



VALID DATA 



'//////////////////////// /////^ mmmm, 




^ Don' t Care 



• NIBBLE MODE READ CYCLE 



D OUT 



v OL 



\ 



COL 
ADD 



tOAH ^ 




j _DATA^ f 



^NCAC | l OFF 



/VALID' ^ / VALID \ / 

\DATA_/' \DATa/ \^ 



VALID 
DATA 



^RCHI I t RGB tRCH| - V - 



Don t CflTH 
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• NIBBLE MODE WRITE CYCLE 



D OUT 




V 0L 



Don't Cars 



• NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 

_ ^RAS 

VlH - 



VlH- 
VlL ■ 



D IN 



DqUT 



V IH 

VlH 
VlL 



V H 




ALJL 

rttTA 



C RAC 



*Valtu 

DATA 



mm 



t OFF^| 



OFF I %CAC 



.'- VALID \ j'VALIP V / VAT,rp\ /vii,th\ 

V PATA J VDATA / \ DATA / \ DATA / 
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Don't Gar 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

t RAS 



RAS 



¥ IH 



»IH \ 

»IE \ 

*i$ — 7 



\ 



tRSH 



'CAS 



COLUMN 
ADDRESS 



READ CYCLE 



D OUT 



»0H 

Vol 
v ik 

VlL 



WRITE CYCLE 

D 0UI V 0H _ 
v oL - 



tRCS 



%cs 



'IH 
lit, 



bin Vik 



t D3 , 




'WCH 



z y/////////////////// M^^ 



READ-WRITE /READ-MOD IFY-WRITE CYCLE 



D 0UT 



Vol 



'ros 



WRITE VlH 

VlL — 



'off 



< VALID DATA ^ 



tcWL 



'CM 



l DH 



a = m///////////////////77m^ ^//////////////. 



Don ' t Care 



APPLICATION INFORMATION 



ADDRESSING 

The 18 address bits required to decode 1 of the 
262, 144 cell locations within theTMM41257P are 
multiplexed onto the 9 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chi p. T he 
second clock, the Column Address Strobe (CAS! , 
subsequently latches the 9 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read date access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed sign_a[ derived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row 
address to Column address information. 

DATA INPUT/OUTPUT 

Date to be written into a selected cell is l atched 
into an o n-chip regi ster by a combination of WRITE 
and CAS while RAS is active. The later of the siglals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data in (Din) register. This permits 
several opti ons in t he write cycle timing. In a write 
cy cle, if the WRITE input is b roug ht low(active) prior 
to CAS, the Din is strobed by CAS and the set-up and 
hold times are r eferen ced to CAS. If the input data is 
not available at CAS time or if it is des ired that the 
cycle be a read-wr ite cy cle, the WRITE signal will be 
delayed until after CAS has made ist negative transi- 
tion. In this "delayed write cycle" the data input set- 
up and hold tim es are refe rence d to the negative 
edge of WRITE" rather than C AS. (To illustrate this 
feature. Din is referenced to WRITE in the timing 
diagrams depicting the read-write and nibble mode 
write cycles while the " early write" cycle diagram 
shows Din referenced to CAS). 

Data is retrie ved from the memomy in a read cycle 
by maintaining WRITE in the Inactive or high state 
throu ghout the portion of memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) of 
the TMM41 257P is the high impe danc e (open cir- 
cuit) state. This is to say, anytime CAS is at a high 
level, the Dout pin will be floating . The only time the 
output will turn on and contain either a logic or 
logic 1 is at access time during a read cycl e. Dout 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive 
data operation on 4 bits. The first of 4 bits is acces- 
sed in the usual mann er wit h read data coming out at 
tcAC time. By keeping RAS low, CAS can be cycled 
up and then down, to read or write the next three 
pages at high data rate (faster than tcAc). Row and 
column addresses need only be supplied for the first 
acce ss of cycles. From then on, the falling edge of 
CAS will activate the next bit. After four bits have 
been accessed, the next bit will be the same as the 
first bit accessed (wrap-around method). 



(0, 0)— (0. 1) (1 , 0)—* (1.1) 



Pin one (As) determines the starting point the circular 
4 bits nibble. Row As and column As provide the 
two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary 
fashion ; 00 -» 01 -» 10 -» 11 with As row being the 
least significant address. 

A nibble cycle can be a read, write, or late write 
cycle. Any combinations of reads and writes or late 
writes will be allowed. In addition, t he c ircular 
wraparound will continue for as long as RAS is kept 
low. 



RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom- 
plished by performing a memory cycle at each of the 
256 row address (Ao~A7> within each 4 millisecond 
time interval . Although any normal memory cycle will 
perform the refresh operati on, th is function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 




CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM41257P offers an alternate refresh method. If 
CAS is held on low for the specified period (icsr) 
before RAS goes to low. on chip refresh control 
clock generators and refresh address counter are 
enabled, and an internal refresh operation takes 
place. After the refresh operation is performed, the 
refresh address counter is a utom atically i ncre mented 
in preparation for the next CAS before RAS refresh 
operation. 

HIDDEN REFRESH 

An optional feature of the TMM41257P is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refresh. Hidden Refr esh is performed by 
holding CAS at Vil and taking RAS high and af ter a 
specifi ed p rechage period (irp), executing a CAS 
before RAS refresh cycle, (see Figure below) 



CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refr esh o peration o f TM M41257P 
can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE 
operation taking the internal counter address as row 
address and the input address as column addre ss. 

The testjs performed after a minimum of 8 CAS 
before RAS cycles as mtialization cycles. The test 
procedure is as follows. 

J Write "O'mto all the memory cells at mormal 
write mode. 

2 Select one certain column address and read "0" 
out and write "1 " in each cell by performing 
CAS BEFORE RAS REFRESH COUNTER TEST 
(READ-WRITE CYCLE). Repeat this operation 
256 tirnes. 

3 Check "1 " out of 256 bits at normal read mode, 
which was written at @ . 

@ Using the same column as © , rea d " 1 " out and 

write "0" in each cell performing CAS BEFORE 

RAS REFRESH COUNTER TEST. 

Repeat this operation 256 times. 
5 Check "0" out of 256 bits at normal read mode, 

which was written at @ . 
© Perform the above ® to © the complement 

data. 



RAS 



CAS 



\ / \ / 



DqUT OPEN 



MEMORY CYCLE REFRESH CYCLE 



VALID DATA 



REFRESH CYCLE 



This feature allows a refresh cycle to be "hidden" 
among date cycles without affecting the data availa- 
bility. 
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OUTLINE DRAWINGS 



16 lb 14 13 If 11 10 9 

i ji rjn rp rp rp rp rp — cji 



i LiJ-ii-Lul-ii-LiijuL-i-!i 



123 456 78 



TMM41257P-12 



Unit in mm 




NOTES : Each lead pitch is 2 . 54mm . All leads are located within . 25mm of their true longitudinal position with respect 
to No. 1 and No. 16 leads. All dimensions are in millimeters 
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TOSHIBA MOS MEMORY PRODUCTS 

65,536 WORD X 4 BIT DYNAMIC RAM f IVI IVI 41 464 P " 1 2 

SILICON MONOLITHIC ja — _ _ 

N-CHANNEL SILICON GATE MOS f [Wl Iwl /I *l fcLKfcL P _ 1 5 



DESCRIPTION 

The TMM41 464P is the new generation dynamic 
RAM organized 65,536 word by 4 bit, it is succes- 
sor to the industry standard TMM41 64AP. 

The TMM41 464P utilizes TOSHIBA'S N-channel/ 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating mar- 
gins, both internally and to the system user. 

Multiplexed address inputs permit the TMM 



41 464P to be packagea in a standard 1 8 pin plastic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V+10% tolerance, direct interfacing 
capability with high performance logic families such 
as schottky TTL. 



FEATURES 

• 65,536 words by 4 bit organization 

• Fast access Time and cycle time 



DEVICE 


tRAc: 


tCAC 


tRC 


TMM41464P-12 


120ns 


60ns 


220ns 


TMM41464P-15 


1 50ns 


75ns 


260ns 



• Single power supply of 5V±10% with a built-in 
Vbb generator 

• Low power: 

385mW Operating (MAX.) (TMM41 464-1 2) 



330mW Operating (MAX.) (TMM41 464-1 5) 
28mW Standby (MAX.) 

• Industory standard 18 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Read-M odify -Write, RA S only refresh , Hidden 
refresh, CAS before RAS refresh, and Page Mode 
capability. 

• All inputs and outputs TTL compatible 

• 256 refresh cycles/4ms 



WE i 

i/oi[ 2 

I/0S I 3 
WRITElC 4 
RAS t 5 
A6{ 6 
A5 C 7 
A4 [ 8 



17 ]l/04 
16 ]CAS 
15 11/0 3 
14 ]A° 
13 JA1 
12 1a2 
11 )A3 
10 ] A 7 



Ao~A7 


Address Inputs 


CAS 


Column Address Strobe 


I/O) -I/04 


Data Input/Output 


HAS 


Row Address Strobe 


WRITE 


Read/Write Input 


OE 


Output Enable 


Vcc 


Power ( + 5V) 


Vss 


Ground 



BLOCK DIAGRAM 



No. 2 CLOCK 
GENERATOR 



COLUMN 
ADDRESS 
BUFFER ( 3 ) 



REFRESH 
CO UNTER(B) 



ROW 

ADDRESS 
BUPPER(a) 



No.l CLOCK . 
GENERATOR - 



L/02 1/04 
1/01 V&3 



' < DATA T 



r 



DATA OUT 
BUFFER 

FT 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



MEMORY 
ARRAY 
256X256X4 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


Vin, Vour 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


Topr 


0-70 


•c 




Storage Temperature 


TsTG 


-55-150 


•c 




Soldering Temperature-Time 


TsOLDEfl 


260-10 


C-sec 




Power Dissipation 


Pd 


600 


mW 




Short Circuit Output Current 


I OUT 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 




0.8 


V 


2 



: (Vcc = 5V±10%. Ta = 0-70X) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNITS 


NOTES 


Icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling : tBc = tnc MIN.) 


TMM41464P-12 




70 


mA 


3,4 


TMM41464P-15 




60 


ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CAS"=Vih) 




5 


mA 




ICC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current. RAS Only Mode 

(RAS Cycling. CAS=Vih : tnc = tRC MIN.) 


TMM41464P-12 




60 


mA 


3 
3.4 


TMM41464P 15 




50 


ICC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS=Vil. CAS Cycling : tpc = trc MIN.) 


TMM41464P^12 




60 


mA 


TMM41464P-15 




50 


ICC5 


CAS BEFORE RAS~ REFRESH CURRENT 

Average Power Supply Current. CAS Before RAS Mode 

(RAS Cycling, CAS Before RAS : t R c = t B c MIN.) 


TMM41464P-12 




60 


mA 


3 


TMM41464P-15 




50 


ll(U 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VSVinS6.5V, All Other Pins Not Under Test 
= 0V) 


-10 


10 


*A 




l0ILI 


OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSVoutS +5.5V) 


-10 


10 


*A 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (lour - -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (louT = 4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%. Ta = 0~70'C) (Notes 5, 6, 7] 



O 1 IVI OU L 


Pfl R A M FTP R 


TMM41464P-12 


TMM41464P-1 5 


U N ITS 


NOTES 


MIN. 


MAX. 


MIN . 


MAX. 


tRC 


Random Read or Write Cycle Time 


220 


- 


260 


— 


lis 




tRMW 


Read-Modify-Write Cycle Time 


295 


- 


355 


— 


ns 




tPC 


Page Mode Cycle Time 


120 


- 


145 


- 


ns 




tRAC 


Access Time from RAS 


- 


120 


- 


150 


ns 


8.10 


tCAC 


Access Time from CAS 


- 


60 


- 


75 


ns 


9.10 


Toff 


Output Buffer Turn-Off Delay 





35 





40 


ns 


1 1 


tt 


Transition Time (Rise and Fall} 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


90 


- 


100 


- 


ns 




tRAS 


RAS Pulse Width 


120 


10.000 


150 


10.000 


ns 




Trsh 


RAS Hold Time 


60 


- 


75 


— 


ns 




tCSH 


CAS Hold Time 


120 


— 


150 




ns 




tcAS 


CAS Pulse Width 


60 


10.000 


75 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


25 


60 


25 


75 


ns 


13 


tCRP 


CAS td RAS Precharge Time 


10 


— 


10 


— 


ns 




tCPN 


CAS Precharge Time 


20 


- 


25 


— 


ns 




tCP 


CAS Precharge Time (for Page Mode Cycle Only) 


50 




60 


— 


ns 




tASR 


Rcw Address Set-Up Time 





— 





— 


ns 




tRAH 


Row Address Hold Time 


1 5 


— 


1 5 


— 


ns 




Tasc 


Column Address Set-Up Time 





— 





— 


ns 




tcAH 


Cdlumn Address Hold Time 


25 


— 


35 


— 


ns 




tAR 


Column Address Hold Time Reference te RAS 


85 


— 


110 


— 


ns 




Trcs 


Read Command Set-Up Time 





— 





— 


ns 




Trch 


Read Command Hold Time Reference to CAS 





— 





— 


ns 


12 


tRRH 


Read Cdmmand Hdld Time Reference to RAS 


15 


— 


20 


— 


ns 


12 


tWCH 


Write Command Hold Time 


35 


— 


45 


— 


ns 




TWCR 


Write Command Hold Time Reference to RAS 


95 


— 


120 


— 


ns 




tWP 


Write Command Pulse Width 


35 


— 


45 


— 


ns 




tRWL 


Write Command to RAS Lead Time 


35 


— 


45 


— 


ns 




tCWL 


Write Command to CAS Lead Time 


35 


— 


45 


— 


ns 




tDS 


Data-in Set-Up Time 





- 





- 


ns 


14 


tDFI 


Data-in Held Time 


35 




45 




ns 


14 


tDHR 


Data-in Hold Time Reference tc RAS 


95 




120 




ns 




tREF 


Refresh Peried 




4 




4 


ms 




twcs 


Write Command Set-Up Time 












ns 


15 


tcWD 


CAS to WRITE Delay 


100 




120 




ns 


15 


tRWD 


RAS to WRITE Delay 


160 




195 




ns 


15 


tOEA 


OE Access time 




30 




40 


ns 




tOED 


OE to Data Delay 


30 




40 




ns 




tOEZ 


Output Buffer Turn-Off Delay Time from OE 





30 





40 


ns 




tOEH 


OE Command Hold Time 


30 




40 




ns 
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SYMBOL 


PARAMETER 


TMM41464P-12 


TMM41464P-15 


UNITS 


NOTES 


MINI. 


MAX 


MIN. 


MAX. 


tCHfl 


CAS Hold Time for CAS Before RAS Refresh 


30 




30 




ns 




tcsn 


CAS Set-Up Time for CAS Before RAS Refresh 


10 




10 




ns 




tRPC 


CAS Precharge to CAS Active Time 












ns 




tCPT 


CAS Precharge Time for CAS Before RAS Counter 
Test 


50 




60 




ns 




CAPACITANCE (Vcc = 5V±10%, f=1MHz. Ta = 0-70C) 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


Cn 


Input Capacitance (Ao—A?) 




5 


pF 


Go 


Input Capacitance (RAS. CAS. WRITE, OE) 




7 


pF 


Co 


Input'Output Capacitance (1/01 -1/04) 




7 


PF 



NOTES: 

I . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are refrenced to Vss. 

3. Icct, Icc3. Icc4, Ices depend on cycle rate. 

4. Icci . Icc4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/js is required after power-up followed by any 8 CAS cycles before proper device operation 
is ac hieve d. In case of using internal refresh counter, a minimun of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycle are required. 

6. AC measurements assume ft =5ns. 

7. ViHfmin.) and ViLlmax.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Assumes that tncoStRco (max.). If trtco is greater than the maximum recommended value shown in this table, tRAc 
will increase by the amount that tRcc exceeds the value shown . 

9 . Assumes that tRCD 2 tRCD (max.). 

10. Measured with a load equivalent to 2 TLL loads and 100pF. 

I I . toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. Operation within the tRCD (max.) limit insures that tRAc (max.) can be met. 

tRco (max.) is specified as a reference point only: If tRco is greater than the specified tRco (max.) limit, then access 
time is controlled exclusively by tcAC. 

14. These paramenters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read-modify-write cycles. 

15. twcs, tcwD and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twcsStwcs (min.), the cycle is an early write cycle and the input/output pin will remain open 
circuits (high impedance) throughout the entire cycle; If tcwpStcwo (min.) and tRwoStRWDlmin.), the cycle is a read 
-write cycle or read-modify-write cycle and the data out will contain data read from the selected cell. 
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• READ CYCLE 



VlH- 



V IH" 



tASR 



t RAS 



l RCD 



t CSH 



t RAE t ASC 



tCAH 



tRSH 



t CAS 



7 



tcPN 



\TJ77M^ m. ssis, W////////////////////////9T ~ 



tRcs| 



.1 i.tR CH 



'ih— 7 



tCAC 



tRAC 



I/O 1~ I/O 4 



W//////////// 



| tp FF 



tQEZ 



i 



VALID DATA-OUT 



> 



• WRITE CYCLE (EARLY WRITE) 



E2 



Don t Care 



VlL- 



V 



t ASR 



tRAS 



l AR 



ROW 
ADDRESS. 



tRAH 



tASC 



m 



tOAH 



COLOMN 
ADDRESS 



r 



tCAS 



tRP 



, t c pj| 



W/////////////////MM — 



WRITS 



VlL- 



W//////////M : 



tWOH 



tWF 



■ 1!//////////////////////////////, 



M :■- m//m//////////////////////////////////////////A 



l DS 



I/O 1~ 1/04 



VlL- 



tDHR 



tDH 



VALID DATA-IN 



3- 



^3 Don ' z C a i" e 
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• WRITE CYCLE (OE CONTROLLED WRITE) 



VlH - 
V IL — 



o- A7 VlH " 7 



_Z2 



'■HAS 



tCSH 



ADDRES 




COLUMN 
ADDRESS 



'RSH 



f 



f 



tcPN 



"-MMMMMMMK 



WRITE VlH 
VlL 



OE 



VlH. 

VlL ■ 

VlH 
VlL 







'itiiiiiiiiiiiiimiiwim 


r^i//////////////////m 




tO EH 1 


v//////////////// 


L OED 

1 PS 


^IIIIIIIIIIUIIIIIIIIIIIIIIIIII, 



VALIE 
DATA- 



—- %J///////////////7777W / 



Don't Care 



• READ-WRITE, READ-MODIFY-WRITE CYCLE 



THs" 



V 
V 



i :. I 

'arr 



tRAS 



ROW 

ADDRESS 




column 

ADDRESS 



WRITE VlH 



If 



••CSH 



tRSH 



<C AS 



-L 



tcPN 



■ VI/J///////////////7777777K 



OE 



1/01-1,'04 



-RAJ 



t-OED 
tQEZ | ^DS 



VALID 

1 A'l A- 



DC n ' t a r e 




y. 



VALED 
DATA-IN 



'///////////A 
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PAGE MODE READ CYCLE 



TMM41464P-12 



V IH 



t.CRP 



»IH 

fig 
V IL 

VlH 



t RAS 



t RCD 



tRSH 



,r\_ 



tcp 



- J/////////////M 



tRAC 



I/01~I/0 4 



Vol — 
• PAGE MODE WRITE CYCLE 

v ih — • 



LWMh 



VALID 
: ^DATA-OUT 



7 



— 41AH l ASG L CAH '•ASC ^ C AH |« a ^ UAH 

„ ADD. " ADDRESS K^//^A^PRES S ■ j tf/T/^ fy. ^ADDRESS - ) (////// 

t HOs] ^RCHj , , I tRCS I i I tRCS 



tRRH 



WJT/fiJJh 



tQEZ 



/"VALID 7'VALID A. 

^DAIA^HT^ L^ j L DATA-OUT J f 



r RAS 



Has 



tCRP 



CAS 



VlL 



Don t Care 

"■HP 



tAR 



tRCD 



'Si 



|tRAH it^SC 



COLUMN 

ADDRESS- 



V IL 



- W7MM : 



VlL — 



1/01-1/04 



tCWL 



tASC 



tCAH 



COLUMN 
ADDRESS 



l WCH 



tpEH 



mm, 



t OED 




t RSH 



mm. 




COLUMN 
ADDRESS 



'■CtVL 



tRWL 



tWCH 



^/////////////, 
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• RAS ONLY REFRESH CYCLE 



RAS 



VlH 



r ASR 



l RAS 



J 



%AH 



XT 



mm^mSMMMMMMK 



Notes: WRITE, OE=Don't Care |22 Don't Dan 



• CAS BEFORE RAS REFRESH CYCLE 



VlH 
VlL 



-J 



OAS 



VlH 



I/O 1— 1/04 



Vol -- 



%AS 



tRPC, 



•CHB 



X 



Note: WRITE, OE, A0^A7=Don't Care 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



Has 



V IH - 

VlL - 



v IH — 

AS 

VlL - 

- Z- 7 ' 

READ CYCLE 



\ 



t RAS 



f 



'■CAR 



L 



7 



COLUMN 
ADDRESS 



W/////////////////////// 



l RCS 



V 'IH - Tj 
VlL 



■///////////////Ml 



I/O 1-1/0 4 



V H - 



WRITE CYCLE 

VlH -I 

TE 

VlL 

_ *xn - 

OE '/ 



'WOS 



iWMMMMMMj 




/////////////// 



£ 



VALID DATA-OUT 



)////////////////////, 



V IL 



I/O 1-1/04 



VlL — 

READ-WRITE/READ-MOD IFY-WRITE CYCLE 



< 



tDH 



VALID DATA-IN 



via 



'////////////// 



I/O 1-1/04 



VlL 

V I/0H - 
V I/0L - ' 



MMMMMMMML 

| tC AS 



/ A_/?'VALIP l 

\/ Y ^ Vpata-in f 
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APPLICATION INFORMATION 



ADDRESSING 

The 1 6 address bits required to decode 1 of the 
65,536 cell locations within the TMM41464P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS ), 
latches the 8 row address bits into the chi p. T he 
second clock, the Column Address Strobe (CAS) , 
subsequently latches the 8 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed si gnal derived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row 
address to Column address information. 

Data Inputs 

Data is written during write or read-modify-write 

cycle . 

The falling edge of CAS or WRITE strobes data into 
the on-chip data latch es . 

In an early-write cycle, WRITE is broug ht low prior to 
CAS and the data is strobed in by CAS with setup and 
hold times referenced to thi s sign al. In delayed write 
or read-modify-write cycle, CAS w ill alrea dy be low, 
thus the data will be strobed in by WRITE with setup 
and hold time referenced to this signal. 
In delayed or read-modify-write, OE must be high to 
bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

Data outputs 

The three-state output buffers provide direct TTL 
compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-i n . Th e 
outputs are in the high-impedance state until CAS is 
brought low. In a read cycle the outputs go active 
after the access time interval tRAc and toEA are satis- 
fied. 

The outputs become valid after the access time 
has elapsed and remain valid while CAS and OE are 



low. CAS or OE going high returns it to a high 
impedance state. In an early-write cycle, the outputs 
are always in the high-impedance state. In a delayed 
-write or read-modify-write cycle, the outputs will 
follow the sequence for the read cycle. 

The OE controls the impedance of the output 
buffers. In the logic high position the buffers will 
remain in a h igh impedance state 

When the OE input is brought to a log ic low level , 
the output buffers are enabled . Both CAS and OE can 
contro l the outputs. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the 
high impedance state. 



RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom- 
plished by performing a memory cycle at each of the 
256 row address (A0-A7) within each 4 millisecond 
time interval . Although any normal memory cycle will 
perform the refresh operati on, th is function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM 41464P offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsfO 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh 
address counter is auto matic ally inc reme nted in 
preparation for the next CAS before RAS refresh 
operation . 

PAGE MODE 

The "Page-Mode" feature of the TMM41464P 
allows for successive memory operations at multiple 
column locations of the same row address with in- 
creased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address 
is common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative 



TMM41464P-12 



going edge of RAS. Also, the time required for 
strobing in a new address is eliminated, thereby 
decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TMM41464P is that 



refresh cycle may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refre sh. Hidden Refr esh is performed by 
holding CAS at Vil and taking RAS high and af ter a 
specifi ed pr echarge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 



RAS 



CAS 



1/01-1/04 





MEMORY CYCLE 


REFRESH CYCLE 


REFRESH CYCLE 










\ 


















\ 


/ 












VALID DATA-OUT 




OPEN - 


— < 


y 













This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data availa- 
bility. 



CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refr esh o peration o f TM M41464P 
can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE 
operation taking the internal counter address as row 
address and the input address as column addre ss. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write "0" into all the memory cells at normal write 
mode. 

© Select one certain column address and read '0" 
out and write "1 " in each cell by performing CAS 



BEFORE RAS REFRESH COUNTER TEST (READ- 
WRITE CYCLE). 

Repeat this operation 256 times. 
© Check "1 * out of 256 bits at normal read mode, 

which was written at © . 
@ Using the same column as © , rea d * 1 " out and 

write "0" in each cell performing CAS BEFORE 

RAS REFRESH COUNTER TEST. Repeat this 

operation 256 times. 
© Check'O" out of 256 bits at normal read mode, 

which was written at @ . 
© Perform the above © to © to the complement 

data. 
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1,048.576 WORD X 1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 



ORY PRODUCTS 



TMM411000C-10 
TMM411000C-12 



DESCRIPTION 

The TMM411000C is the new generation 
dynamic RAM organized 1 ,048.576 words by 1 bit, 
it is successor to the industry standard 
TMM41256P. The TMM411000C utilizes 
TOSHIBA'S N-channel Silicon gate process technol- 
ogy as well as advanced circuit techniques to provide 
wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the 
TMM41 1000Cto be packaged in a standard 18 pin 



ceramic DIP. This package size provides high system 
bit densities and is compatible with widely available 
automated testing and insertion equipment. System 
oriented features include single power supply of 5V ± 
1 0% tolerance, direct interfacing capability with high 
performance l ogic f amilies such as Scho ttky T TL. In 
addit ion to the RAS only refresh mode, a CAS before 
RAS automatic refresh is available. 




• 1 ,048,576 words by 1 bit organization 

• Fast access time and cycle time 





TMM41 1 000C-1 


TMM41 1 000C-1 2 


RAS Access Time 


100ns 


120ns 


CAS Access Time 


50ns 


60ns 


Cycle Time 


190ns 


220ns 



• Single power supply of 5V±10% with a built-in 
Vbb generator 

• Low Power : 

385mW Operatmg(MAX.) (TMM41 1 000C-1 0) 
330mW OperatmglMAX.) (TMM41 1000C-12) 



22mW Standby(MAX.) 

• Industry standard 18 pin ceramic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write. CAS before RAS refresh. RAS 
-only refresh. Hidden refresh, and Page Mode 
capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 



(TOP VI 



PIN NAMES 




Ao~A9 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 


N. C. 


No Connection 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


VlN, VOUT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


Topr 


0-70 


c 




Storage Temperature 


TsTG 


-55-150 


•c 




Soldering Temperature-Time 


TsOLDER 


260-10 


*C-sec 




Power Dissipation 


Pd 


1 


w 




Short Circuit Output Current 


IoUT 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 




0.8 


V 


2 




(Vcc=5V±10%. Ta = 0~70X) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


Icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling : tnc = tacMIN.) 


TMM41 1000C-10 




70 


mA 


3,4 


TMM411000C-12 




60 


ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CAS = V,h) 




4 


mA 




ICC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling. CAS = V,h : tRc=tnc MIN.) 


TMM41 1000C-10 




55 


mA 


3 


TMM41 1000C-12 




50 


ICC4 


PAGE MODE CURRENT 

Average Power Supply Current. PAGE Mode 

(RAS = Viu CAS Cycling : tpc=tpcMIN.) 


TMM41 1000C-10 




55 


mA 


3.4 


TMM41 1000C-12 




50 


ICC5 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current. CAS Before RAS Mode 

(RAS Cycling. CAS Before RAS : tRc = t H c MIN.) 


TMM41 1000C-10 




55 


mA 


3 


TMM41 1000C-12 




50 


ku) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VSVinS6.5V. All Other Pins Not Under Test 
= 0V) 


-10 


10 






I OH.) 


OUTPUT LEAKAGE CURRENT 
(Doutis disabled, OVSVoutS + 5.5V) 






Voh 


OUTPUT LEVEL 

Output "H" Level Voltage (lour= -5mA) 


2.4 




V 




Voi 


OUTPUT LEVEL 

Output "L" Level Voltage (loui = 4.2mA) 




0.4 


V 
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(Vcc = 5V±10%, Ta=0~70 - C) (Notes 5, 6. 7) 



SYMBOL 


PARAMETER 


TMM41 1 000C-1 


TMM411000C-12 


UNITS 


NOTES 


MIN . 


MAX, 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


190 


— 


220 


— 


ns 




tRWC 


Read-Write Cycle Time 


210 


— 


240 


— 


ns 




tRMW 


Read-Modify-Write Cycle Time 


225 


— 


260 


— 


ns 




tPC 


Page Mode Cycle Time 


100 


- 


120 


— 


ns 




tRAC 


Access Time from RAS 


— 


100 


— 


120 


ns 


8.10 


tCAC 


Access Time from CAS 


— 


50 


— 


60 


ns 


9.10 


t0FF 


Output Buffer Turn-Off Delay 


5 


30 


5 


35 


ns 


1 1 


tl 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


80 


_ 


90 


— 


ns 




tRAS 


RAS Pulse Width 


100 


10.000 


120 


10.000 


ns 




tRSH 


RAS Hold Time 


50 


_ 


60 


— 


ns 




tCSH 


CAS Hold Time 


100 


_ 


120 


— 


ns 




tCAS 


CAS Pulse Width 


50 


10.000 


60 


10.000 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


25 


60 


ns 


13 


tCRP 


CAS to RAS Precharge Time 


10 





10 


_ 


ns 




tcPN 


CAS Precharge Time 


20 


_ 


25 




ns 




tCP 


CAS Precharge Time (Page mode only) 


40 


_ 


50 





ns 




tASR 


Row Address Set-Up Time 













ns 




tflAH 


Row Address Hold Time 


10 




15 




ns 




lASC 


Column Address Set-Up Time 











_ 


ns 




tCAH 


Column Address Hold Time 


20 




25 





ns 




tAR 


Column Address Hold Time Reference to RAS 


70 


_ 


85 




ns 




tRCS 


Read Command Set-Up Time 





_ 





_ 


ns 




tRCH 


Read Command Hold Time Reference to CAS 













ns 


12 


tRRH 


Read Command Hold Time Reference to RAS 


10 




15 




ns 


12 


tWCH 


Write Command Hold Time 


20 


_ 


25 


_ 


ns 




tWCR 


Write Command Hold Time Reference to RAS 


70 





85 




ns 




twp 


Write Command Pulse Width 


20 




25 




ns 




tRWL 


Write Command to RAS Lead Time 


30 




35 




ns 




tCWL 


Write Command to CAS Lead Time 


30 




35 




ns 




tDS 


Data-in Set-Up Time 





_ 







ns 


14 


tDH 


Data-in Hold Time 


20 




25 




ns 


14 


Liuifi 


Data-in Hold Time Reference to RAS 


70 




85 




ns 




tREF 


Refresh Period 




8 




• 


ms 




twcs 


Write Command Set-Up Time 


-5 




-5 




ns 


15 


tCWD 


CAS to WRITE Delay 


35 




40 




ns 


15 


tfiWD 


RAS to WRITE Delay 


85 




100 




ns 


15 


tcSR 


CAS Set-up Time (CAS before RAS) 


10 




10 




ns 




tCHR 


CAS Hold Time (CAS before RAS) 


30 




30 




ns 




till'' 


RAS Precharge to CAS Active Time 












ns 




tCPT 


CAS Precharge Time (CAS before RAS Counter Test) 


- 40 




b<) 




ns 
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CAPACITANCE (Vcc = 5V±10%. f=1MHz. Ta = 0~70"C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cn 


Input Capacitance (Ao~ A9, Din) 




6 


pF 


C12 


Input Capacitance (RAS. CAS. WRITE) 




7 


pF 


Co 


Output Capacitance (Dojt) 




7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci , lcC3. Icc4, Icc5 depend on cycle rate. 

4. Icci , Icc4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200^s is required after power-up followed by any 8 RAS cycles before proper device operation 
is ac hieve d . In case of using internal refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are reguired. 

6. AC measurements assume tT = 5ns. 

7. ViHlmin.) and Vn(max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vm and Vil. 

8. Assumes that tRCDStRCD(max.). If tRco is greater than the maximum recommended value shown in this table, tRAc will 
increase by the amount that tRco exceeds the value shown . 

9. Assume that tRCD2tRCD(max.). 

10. Measured with a load equivalent to 2 TTL loads and 100pF. 

1 1 . toFFlmax. (defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 2 . Either tRCH or tRRH must be satisfied for a read cycle. 

1 3. Operation within the tRCDtmax.) limit insures that tRAcfmax.) can be met. 

tRCDlmax.) is specified as a reference point only: If tRCD is greater than the specified tRcDlmax.) limit, then access time 

is controlled exclusively by tcAC 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read-modify-write cycles. 

15. twos, tcwo and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characterisitcs only. If twcs2twcs(min .), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; If tcwD£tcwD(min.) and tRWDitRWDlmin.), the cycle is a read-write 
cycle or read-rnodify-write cycle and the data out will contain data read from the selected cell : If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
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ROW 
ADDRES 
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. ^CRF 
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• WRITE CYCLE (EARLY WRITE) 
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• READ-WRITE READ-MODIFY -WRITE CYCLE 



t RWC' /t RMW 
tRAS 



RAS" V I« 
VlL 



CAS 



'II, ■ 



A0-A9 V IH 
VlL 



VlH- 



D 0UT V OH - 
V OL - 



tRCE 



t ASR 



^RAH 



— 3s*£ 



t CAH 



mfc 



COLUMN 
ADDRESS 



tRSH 



W//////////////M 



tRAC 



r CWL 



^ VALI 



> 



t DH 



Y//A Don't Care 
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• PAGE MODE READ CYCLE 



*ih- 

VlL" 



VlL — 



V IH" 
VlL- 



V OL- 



COL 



tRCS 



^CAH 



| 'CA B tCAH 




tRSH 



% — K 



C CRP 



0« — <J 



t RGH 



E2l iw 



• PAGE MODE WRITE CYCLE 



RAS V IH" 
VlL- 



CAS 



tRAH ^ 



l RAS 



J t RP \_ 



t CA8 . I^CP. | . t CAS t CAS J- 



*CRP. 




E3iw 
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• RAS ONLY REFRESH CYCLE 



Vih- 

VlL- 



VlL- 



VlL" 



l RAS 



7 



••RFC 



mmft %r==w/////////////M 



D 0UT 



v L — 



NOTE: WRITE=Don't Care, A9=Don ' t Care 



Y//X Don' t Care 



• CAS BEFORE RAS REFRESH CYCLE 



RAS 



CAS 



VlL — 



tRPC 



r CPN 



t CSB 



t RAS 



r CHR 



z 



D 0UT V OH " 

v l- 



> 



NOTE: WRITE=Don 1 1 Care, A0^A9=Don't Care 
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• HIDDEN REFRESH CYCLE (READ) 



VlH " 



RCD . 



X 



C RAH 




COL 
ADD 



D OUT 



VlH — 
VlL 



t CAC 



T KC 



t RAB 



'A 



V///////////////////7aW/, 



VALID DATA 



Don' t Care 



HIDDEN REFRESH CYCLE (WRITE) 



RAS V IH 
VlL 



A0-A9 IH 

*m 



WRITE IH 



D UT 



V IH 
VlL 



v OH 



X 



VlH — 



m 



t RAS 



ROW 
ADD 



tRAH \ 



W77m 



tRSH 



t H0 



t HAS 



V 



WW/////////////////////////////////. 



tWCH 



- I////////////////////////////, 



VALID 
DATA 



t DHR 



Y//X Don ' t. Care 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



'has 



RAS 



CAS 



A0~A9 



»IH- 

VlL — 



t CSK| 



tCHR 



VlH— V 

V IL V 



/ '//////////////A 



tRSH 



tCAS 



tCAH 



")^J ~ COLUMN 
f\ _ ADDRESS 



r 



READ CYCLE 

Dqot V ° H 



VALID DATA 



y////////////////// r 



WRITE CYCLE 



D OUT 



Vol. 



V IL — 



V///////////////M 



Din Vih " 

V IL - 



V/////////////////7K * 



V/////// 



, ////////////////// 



READ-WRITE /READ-MODI FY -WRITE CYCLE 



Vol 



VlH 
V IL 



tRCS 



W////7///////M 



"tCAC 



^ VALID DATA ^ 



^CWD 



C RWL 



t OPF 



J/////////M 



wmzzMMZMmMiymMm 



Y/^X Don ' t Care 
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APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 
1 ,048,576 cell locations within theTMM41 1000C 
are multiplexed onto the 10 address inputs and lat- 
ched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 10 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 1 column add ress bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed si gnal derived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row address to 
Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is l atched 
into an o n-chip regi ster by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In(DiNi) register. This permits 
several opti ons in t he write cycle timing. In a write 
cy cle, i f the WRITE input is broug ht low(active) prior 
to CAS, the in is strobed by CAS and the set-up and 
hold times are r eferen ced to CAS . If the input data is 
not available at CAS time or if it is des ired that the 
cycle be a read-wri te cy cle, the WRITE signal will be 
delayed until after CAS has made is negative transi- 
tion. In this "delayed write cycle" the data input set- 
up and hold tim es are refe rence d to the negative 
edge of WRITE rather than C AS. (To illustrate this 
feature. Din is referenced to WRITE in the timing 
diagrams depicting the read-write and nibble mode 
write cycles while the " early write" cycle diagram 
shows Din referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throu ghout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 



DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) of 
the TMM411000C is the high im peda nce (open 
circuit) state. This is to say, anytime CAS is at a high 
level , the Dout pin will be floating . The only time the 
output will turn on and contain either a logic or 
logic 1 is at access time during a read cycl e. Dout 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM41 1000C 
allows for successive memory operations at multiple 
column locations of the same row address with in- 
creased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address 
is common. This "Page Mode" of operation will not 
dissipate the p ower associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom- 
plished by performing a memory cycle at each of the 
512 row address (Ao~As) within each 8 millisecond 
time interval . Although any normal memory cycle will 
perform the refresh operati on, th is function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM 41 1000C offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes 
place. After the refresh operation is performed, the 
refresh address counter is a utom atically i ncre mented 
in preparation for the next CAS before RAS refresh 
operation . 
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HIDDEN REFRESH 

An optional feature of the TMM41 1000C is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refre sh . Hidden Refr esh is performed by 
holding CAS at Vn and taking RAS high and af ter a 
specifi ed pr echarge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 



c OUT — OPEN ■ 



REFRESH CYCLE 



/~A f 



RF.t'RKSH CTCU 



This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data availability 



CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refre sh o peration of TMM 41 1 0OOC 
can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE 
operation taking the internal counter address as row 
address and the input address as column addr ess. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

© Write "0" into all the memory cells at normal write 
mode. 

® Select one certain column address and read "0* 
out and write "1 " in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST (READ- 
WRITE CYCLE). Repeat this operation 512 times. 

(3) Check "1" out of 512 bits at normal read mode, 
which was written at @ . 

(4) Using the same column as (2) , rea d " 1 " out and 
write "0" in each cell performing CAS BEFORE 
RAS REFRESH COUNTER TEST. 

Repeat this operation 512 times. 
© Check'O" out of 512 bits at normal read mode. 

which was written at @ . 
@ Perform the above © to © the complement data . 



Unit in mm 




2.54TYP 0.46±0.1 1.4±0J 



NOTE : Each lead pitch is 2. 54mm. All leads are located within 0. 25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. Alldimensions are in millimeters. 
All dimensions are in millimeters. 

Note : Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
CAug.. 1985 Toshiba Corporation 



-84- 



1.048.576 WORD X 1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 




The TMM411001C is the new generation 
dynamic RAM organized 1 ,048,576 words by 1 bit, 
it is successor to the industry standard 
TMM41257P. The TMM411001C utilizes 
TOSHIBA'S N-channel Silicon gate process technol- 
ogy as well as advanced circuit techniques to provide 
wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the 
TMM41 1 001 C to be packaged in a standard 1 8 pin 
ceramic DIP. This package size provides high system 



1 ,048,576 words by 1 bit organization 
Fast access time and cycle time 





TMM41 1001C-10 


TMM41 1001C-12 


RAS Access Time 


100ns 


120ns 


CAS Access Time 


50ns 


60ns 


Cycle Time 


190ns 


220ns 


Nibble Mode 

Access Time 


20ns 


25ns 


Nibble Mode 

Cycie Time 


40ns 


50ns 



• Single power supply of 5V± 1 0% with a buit-in Vbb 
generator 



(TOP VIEW) 




Ao~Ag 


Address Inputs 


CAS 


Column Address Strobe 


□in 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


N. C. 


No Connection 



TMM411001C-10 
TMM411001C-12 



bit densities and is compatible with widely available 
automated testing and insertion equipment. System 
oriented features include single power supply of 5V± 
1 0% tolerance, direct interfacing capability with high 
performance l ogic f amilies such as Schottky TTL. In 
addit ion to the RAS only refresh mode, a CAS before 
RAS automatic refresh is available. Another special 
feature of TMM41 1001C is nibble mode, allowing 
the user to serially access 4 bits of data at a high data 
rate. 



• Low Power : 

385mW Operating(MAX.) (TMM41 1001C-10) 
330mW Operating(MAX.) (TMM41 1001C-12) 
22mW Standby(MAX.). 

• Industry standard 18 pin ceramic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, and Nibble 
Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 



I I 



— , «*•*«« -3 L 



COLUMN 
■35-A ADDRESS 
p^V BUFFERS C 



sense mi- f 

I/O OAT I NO 1 



MEMORY 
ARRAY 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


Vin, Vout 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


T: ;,pr 


0-70 


■c 




Storage Temperature 


TsTG 


-55-150 


•c 




Soldering Temperature-Time 


TsOLDER 


260-10 


"C-sec 




Power Dissipation 


Pd 


1 


w 




Short Circuit Output Current 


IoUT 


50 


mA 





(Ta = 0~70'C) 



SYMBOL 


PARAMETER 


MIN . 


TYP. 


MAX. 


UNIT 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1 .0 




0.8 


V 


2 




(Vcc=5V±10%, Ta = 0-70-C) 



SYMBOL 


PARAMETER 


MIN . 


MAX. 


U NITS 


NOTES 


Icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

IRAS, CAS Cycling : tRc = tnc MIN.) 


TMM41 1001 C-10 




70 


mA 


3.4 


TMM411001C-12 




60 


Iccj 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CAS=Vih) 




4 


mA 




ICC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling. CAS=Vih : tnc=tRc MIN.) 


TMM41 1001C-10 




55 


mA 


3 


TMM41 1001C-12 




50 


ICC4 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 

(RAS = Vil. CAS" Cycling : t N c = t N c MIN.) 


TMM41 1001C-10 




55 


mA 


3.4 


TMM41 1001C-12 




50 


Ices 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS Mode 

(RAS Cycling, CAS Before RAS : irc = tRc MIN.) 


TMM41 1001C-10 




55 


mA 


3 


TMM41 1001C-12 




50 


l«u 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OVSVinS6.5V, All Other Pins Not Under Test 
^OV) 


-10 


10 


„A 




low 


OUTPUT LEAKAGE CURRENT 

(Dout is disabled. OVSVout4+5.5V) 


-10 


10 


M 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (lour = 4. 2mA) 




0.4 


V 
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RISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10V Ta = 0-70C) (Noles 5. 6. 7) 



SYMBOL 


PARAMETER 


TMM41 10O1C-10 


TMM41 1001C-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN . 


MAX. 


tnc 


Random Read or Write Cycle Time 


190 


— 


220 


— 


ns 




tfiwc 


Read-Write Cycle Time 


210 


— 


240 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


225 


— 


260 


- 


ns 




tRAC 


Access Time from RAS 


_ 


100 


— 


120 


ns 


8,10 


tCAC 


Access Time from CAS 


— 


50 


— 


60 


ns 


9.10 


tOFF 


Output Buffer Turn-Off Delay 


5 


30 


5 


35 


ns 


1 1 


tT 


Transition Time (Rise and Fall} 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


80 


— 


90 


— 


ns 




tRAS 


RAS Pulse Width 


100 


10,000 


120 


10,000 


ns 




tRSH 


RAS Hold Time 


50 


— 


60 


— 


ns 




tCSH 


CAS Hold Time 


100 


— 


120 


— 


ns 




tCAS 


CAS Pulse Width 


50 


10,000 


60 


10 000 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


25 


60 


ns 


13 


tCRP 


CAS to RAS Precharge Time 


10 




10 


_ 


ns 




tcPN 


CAS Precharge Time 


20 




25 


_ 


ns 




tASR 


Row Address Set-Up Time 










_ 


ns 




tHAH 


Row Address Hold Time 


10 




15 




ns 




tASC 


Column Address Set-Up Time 





— 





_ 


ns 




tCAH 


Column Address Hold Time 


20 




25 


_ 


ns 




tAR 


Column Address Hold Time Reference to RAS 


70 


_ 


85 


_ 


ns 




tRCS 


Read Command Set-Up Time 













ns 




tRCH 


Read Command Hold Time Reference to CAS 










_ 


ns 


12 


tRRH 


Read Command Hold Time Reference to RAS 


10 


_ 


15 


_ 


ns 


12 


twCH 


Write Command Hold Time 


20 





25 


_ 


ns 




tWCR 


Write Command Hold Time Reference to RAS 


70 




85 


_ 


ns 




tWP 


Write Command Pulse Width 


20 





25 




ns 




tRWL 


Write Command to RAS Lead Time 


30 


_ 


35 


_ 


ns 




tcWL 


Write Command to CAS Lead Time 


30 


_ 


35 


_ 


ns 




tDS 


Data-in Set-Up Time 





_ 





_ 


ns 


14 


tDH 


Data-in Hold Time 


20 


_ 


25 




ns 


14 


tDHR 


Data-in Hold Time Reference to RAS 


70 




85 


_ 


ns 




tREF 


Refresh Period 




8 




8 


ms 




twcs 


Write Command Set-Up Time 


-5 




-5 




ns 


15 


tCWD 


CAS to WRITE Delay 


35 


_ 


40 


_ 


ns 


15 


tRWD 


RAS to WRITE Delay 


85 


_ 


100 


_ 


ns 


15 


tCSR 


CAS Set-Up Time (CAS before RAS) 


10 




10 


_ 


ns 




tCHR 


CAS Hold Time (CAS before RAS) 


30 




30 




ns 




tRPC 


RAS Precharge to CAS Active Time 












ns 




tCPT 


CAS Precharge Time (CAS before RAS Counter Test) 


40 




50 




ns 




tNC 


Nibble Mode Cycle Time 


40 




50 




ns 




tNCAC 


Nibble Mode Access Time 




20 




25 


ns 


10 


tNCAS 


Nibble Mode Pulse Width 


20 




25 




ns 




tNCP 


Nibble Mode CAS Precharge Time 


10 




15 




ns 




tNRRSH 


Nibble Mode RAS Hold Time (Read) 


20 




25 




ns 




tNWRSH 


Nibble Mode RAS Hold Time (Write) 


40 




4S 




ns 




tNCWD 


Nibble Mode CAS to WRITE Delay Time 


20 




25 




ns 




tNCWL 


Nibble Mode WRITE Command to CAS Read Time 


20 




25 




ns 
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CAPACITANCE (Vcc = 5V±10%, f=1MHz. Ta = 0-7CTC) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cm 


Input Capacitance (Ao~A9, Din) 




6 


pF 


Ca 


Input Capacitance (RAS. CAS, WRITE) 






pF 


Co 


Output Capacitance (Dour) 


-1 


7 


pF 



NOTES : 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vss. 

3. Icct, Icc3. Icc4.lcc5 depend on cycle rate. 

4. Icct , lew depend on output loading. Specified values are obtained wit h the output open. 

5. An initial pause of 200^s is required after power-up followed by any 8 RAS cycles before proper device operation 
is ac hieve d. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are reguired. 

6. AC measurements assume tr=5ns. 

7. ViH{min.) and Vn(max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Assumes that tRCDStRcp(max.). If tnco is greater than the maximum recommended value shown in this table, tmc will 
increase by the amount that tpco exceeds the value shown . 

9. Assumes that tRCD^tRcofmax, J. 

10. Measured with a load equivalent to 2 TTL loads and 100pF. 

1 1 . toFrfmax.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 2 . Either tRcH or tRR h must be satisfied for a read cycle. 

13. Operation within the tRCDlmax.) limit insures that tRAclmax.) can be met. tRcDlmax.) is specified as a reference point 
only : If tRCD is greater than the spe cified tRco(max.) limit, then access time is co ntrolled exclusively by tcAc. 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read-modify-write cycles. 

15. twcs, tcwo and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twcs^twcs(min.), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle ; If tcwo£tcwD(min.) and tRWD2tRwn(min.). the cycle is a read-write 
cycle or read-modify-write cycle and the data out will contain data read from the selected cell : If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
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• READ CYCLE 



RAS 



V IH — 
VlL 



CAS" V iH " 
VlL" 



D OUT 



ViH — 
VlL _ 



ViH - 
VlL" 

V 0H" 
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l RAS 



t AR 






t CSH 








l RSH 



ROW 
ADDRESS 



tRF . V 



7 



t ORP 



tRCS, 




*CAO 



tRAC 



VALID DATA 



^2 Donlt Care 



• WRITE CYCLE (EARLY WRITE) 



RAS v ih 

VlL 



Vih 

V IH 
VlL 



D U T 



*IL — 

Vol — 





tRAS 




\ 




U AR 






l RCD 




3SH 

tRSH 


tcRP 




l ASR 


=1 


\\ 




t CAS 






t 


RAH 


tASC 








///^.ADDRESS.,)' 


m 


"COLUI 
Al : h 


IN 


W///////A 








twcs 

• 




■w 

tWCH 

■< 


H 




W///////A 














t rw:. 






t 


»CR 




'DH 








VALID DATA 











[22 Don 1 t Care 
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NIBBLE MODE WRITE CYCLE 



HAS — 



CAS 



AO— A9 V IH- 



v 



COL 
ADD 



din 



D OUT 



J s 



^i////77///////////////i////////// l 



wwtm- 

3*g 



"OL- 



• NIBBLE MODE READ-WRITE READ-MODIFY-WRITE CYCLE 



OAS" "I" 



AO— A9 V 1H 



WRITE "IH 



D 0UT v OH 

vol 




j~ VALID \ J vai.T n\ / v.l.TnV / VAl.m \ 

J L DATA . / > . i'ATA / \ DATA / \ . ATA / 



] Don t Care 
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HIDDEN REFRESH CYCLE (READ) 



DOUT 



VlL 



Sm 

V IL 



tRC 



Z AR 



t RCD 



tRAH 



ROW 

ADD 



M 



COL 
ADD 



V 0H 

Vol — 



t RSH 



f 



t CAH 



tRC 



tRAS 



—4 |. tBF . 



V 



tcHR 



^ W////////)//////MM t 



4 



c 



VALID DATA 



Don t Care 



HIDDEN REFRESH CYCLE (WRITE) 



bin 



»1H 
'IL 



V IH 
VlL 



r 



tRC 



V 



tRAS 



t AR 



tRCD 



ROW 

ADD 



f 



tRSH 



tRP 



tRC 



tRAS 



twcs 



W7MK . 



IV W//////////////////////////////////M 



D OUT 



V H 

Vol 



Y/A Ben' t Care 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



CAS 



V IL 



V IL 



VlL 



READ CYCLE 




wMMMmm 



)LUMN 
ADDRESS 



D OUT 



Vol 



tRcs 



WHITE V IH 

VlL 

WRITE CYCLE 

D 0DT V 0H 

v l — 

v IH 



'////////////////////, 



"1L 

V IH 
VlL 



m/////// ///////< 



VALID DATA ^ 



l WCH 



t RRH 



^RCH. 



mm 



){///// ////////////. 



- v/////////////////f£ ^ m//////////m7, 



READ-WRITE/ READ-MODI FY -WRITE CYCLE 
VoH 



"OUT 



v l — 



VlH 



tRCS 



VALID DATA 



t CWD 



.:: - '/////////////////nit \ 7/////////////// 



D IN V IH _ j 

VlL 



- W///////////////////77m ^^M//////// / . 



L CWL r 
^RWL 



> 



^Don't Care 
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ADDRESSING 



The 20 address bits required to decode 1 of the 
1 ,048.576 cell locations within the TMM41 1001 C 
are multiplexed onto the 10 address inputs and lat- 
ched into the onchip address latches by externally 
applying two negative going TLl-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 10 row address bits into the chi p. Th e 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 1 column add ress bit s into 
the chip. Each of these signals, RAS, and CAS. 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed si gnal derived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row 
address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is l atched 
into an o n-chi p regi ster by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In(DiN) register. This permits 
several opti ons in t he write cycle timing. In a write 
cycle, if the WRITE input is broug ht low(active) prior 
to CAS, the Din is strobed by CAS and the set-up and 
hold times are r eferen ced to CAS . If the input data is 
not available at CAS time or if it is des ired that the 
cycle be a read-wri te cy cle, the WRITE signal will be 
delayed until after CAS has made is negative transi- 
tion. In this "delayed write cycle" the data input set- 
up and hold tim es are refe rence d to the negative 
edge of WRITE rather than C AS. (To illustrate this 
feature. Din is referenced to WRITE in the timing 
diagrams depicting the read-write and nibble mode 
write cycles while the " early write" cycle diagram 
shows Din referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throu ghout the portion of the memory cycle in which 
CAS is active(low). Data read from the selected cell 
will be available at the output within the specified 
access time. 



TMM411001C-10 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) of 
the TMM41 1 001 C is the high im peda nce (open 
circuit) state. This is to say, anytime CAS is at a high 
level , the Dout pin will be floating . The only time the 
output will turn on and contain either a logic or 
logic 1 is at access time during a read cycl e. Dout 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive 
data operation on 4 bits. The first of 4 bits is acces- 
sed in the usual mann er wit h read data coming out at 
tcAC time. By keeping RAS low, CAS can be cycled 
up and then down, to read or write the next three 
pages at high data rate (faster than tcAc). Row and 
column addresses need only be supplied for the first 
ac cess of the cycles. From then on, the falling edge 
of CAS will activate the next bit. After four bits have 
been accessed, the next bit will be the same as the 
first bit accessed (wrap-around method). 



(0, 0) — -(0, 1) -(1. 0) — -(1. 1) 



Pin one (A9) determines the starting point of the 
circular 4 bits nibble. Row A9 and column A9 provide 
the two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary 
fashion ; 00 -» 01 — 1 -» 1 1 with A 9 row being the 
least significant address. 

A nibble cycle can be a read, write, or late write 
cycle. Any combinations of reads and writes or late 
writes will be allowed. In addition, the c ircular wrap- 
around will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom- 
plished by performing a memory cycle at each of the 
512 row address (Ao-As) within each 8 millisecond 
time interval. Although any normal memory cycle will 
perform the refresh operati on, th is function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 



CAS BEFORE RAS REFRESH 



CAS before RAS refreshing available on the 
TMM41 1001 C offers an alternate refresh method. If 
CAS is held on low for the speciflced period (tcsR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes 
place. After the refresh operation is performed, the 
refresh address counter is automatically i ncre mented 
in preparation for the next CAS before RAS refresh 
operation. 

HIDDEN REFRESH 

An optional feature of the TMM41 1001C is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refre sh. Hidden Ref resh is performed by 
holding CAS at Vil and taking RAS high and af ter a 
specifi ed pr echarge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 




This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data availa- 
bility. 



CAS BEFORE RAS REFRESH COUNTER TEST 



The internal refre sh o peration of TM M41 1001C 
can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ 'WRITE 
operation taking the internal counter address as row 
address and the input address as column addr ess. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

i Write "0" into all the memory cells at normal 
write mode. 

© Select one certain column address and rea d "0" 
out and write * 1 " in each cell by performing CA-S 
BEFORE RAS REFRESH COUNTER TEST(READ- 
WRITE CYCLE). Repeat this operation 512 
times. 

(D Check " 1 " out of 5 1 2 bits at normal read mode, 

which was written at 2 . 
® Using the same column as ® . read ' 1 " out and 

write "0" in each cell performing CAS BEFORE 

RAS REFRESC COUNTER TEST. 

Repeat this operation 512 times. 
© Check "0" out of 512 bits at normal read mode, 

which was written at @ . 
® Perform the above T to © the complement data . 
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OUTLINE DRAWINGS 




Unit in mm 




NOTE : Each lead pitch is 2 .54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. Alldimensions are in millimeters. 
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Note 
CAug.. 



Toshiba does not assume any responsibility for use of any circuitry described 
without notice, to change said circuitry 
1 985 Toshiba Corporation 



no circuit patent licenses are implied, and Toshiba reserves the right, at any time 



1,048,576 WORD X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 



DESCRIPTION 

The TC51 1000C is the new generation dynamic 
RAM organized 1,048,576 words by 1 bit. The 
TC511000C utilizes TOSHIBA'S CMOS Silicon gate 
process technology as well as advanced circuit 
techniques to provide wide operating margins, both 
internally and to the system user. Multiplexed 
address inputs permit the TC51 1000C to be pack- 




• 1 .048,576 words by 1 bit organization 

• Fast access time and cycle time 





TC51 1000C-10 


TC51 1000C 12 


RAS Access 

tRAC 

Time 


100ns 


120ns 


Column 
U\ Address 
Access Time 


55ns 


65ns 


CAS Access 

tCAC 

Time 


20ns 


25ns 


tRc Cycle Time 


1 90ns 


220ns 


Fast Page 
tpc Mode Cycle 
Time 


70ns 


85ns 



PIN CONNECTION (TOP VIEW) 




PIN NAMES 



Ao~Ag 


Address Inputs 


RAS 


Row Address Strobe 


Din 


Data In 


Dout 


Data Out 


CAS 


Column Address Strobe 


WRITE 


Read Wrne Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


N. C. 


No Connection 



!Y PRODUCTS 

TC511000C-10 
TC511000C-12 



aged in a standard 1 8 pin ceramic DIP. This package 
size provides high system bit densities and is com- 
patible with widely available automated testing and 
insertion equipment. System oriented features 
include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance 
logic families such as Schottky TTL. 



• Single power supply of 5V±10% with a built-in 
Vbb generator 

• Low Power 

330mW Operating (MAX.) (TC51 1000C-10) 
275mW Operating (MAX.) (TC51 1000C-12) 
5.5mW Standby (MAX.). 

• Industry standard 18 pin ceramic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Wnte, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and Fast Page 
Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles '8ms 

BLOCK DIAGRAM 



□ KNfcJiATQK 



-UUNTEH . 



ROW 
AUDHKSS 
UIJFFRRS(IO) - 



COLUMN 
DKCODKH 

MP. 

I/O OAT 1 HQ 

:::: ■ :::: 







MfiMOKY 




512 


AHKAY 


x. a 







Eli KRATOH 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1-7 


V 


1 


Output Voltage 


VoUT 


- 1 -Vcc + 
0.5 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


Topr 


0-70 


•c 




Storage Temperature 


TSTG 


-55-150 


•c 




Soldering Temperature-Time 


TsOLDEP. 


260-10 


'C-sec 




Power Dissipation 


Pd 


1 


w 




Short Circuit Output Current 


lout 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta=0-70C) 



SYMBOL 


PARAMETER 


MIN . 


TYP. 


MAX. 


UNIT 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1 .0 




0.8 


V 


2 




(Vcc = 5V±10%, Ta = 0-70T) 



SYMBOL | PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I OPERATING CURRENT 
Icci Average Power Supply Operating Current 

| (RAS. CAS . Address Cycling : tnc = tnc MIN.) 


TC51 1000C-10 




60 


mA 


3,4 


TC51 1000C-12 




50 


ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CAS = Vih) 




3 


mA 




ICC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling. CAS = Vih : tnc=tnc MIN.) 


TC51 1000C-10 




50 


mA 


3 


TC51 1000C-12 




40 


ICC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, FAST PAGE Mode 

(RAS = Vn, CAS, Address Cycling : tpc=trc MIN.) 


TC51 1000C-10 




40 


mA 


3.4 


TC51 1000C-12 




30 


ICC5 


STANDBY CURRENT 

Power Supply Standby Current, 

(RAS = CAS = Vcc -0.2 V) 




1 


mA 




ICC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS Mode 

(RAS, CAS" Cycling : tnc=tRc MIN.) 


TC51 1000C-10 




50 


mA 


3 


TC511000C-12 




40 


llIU 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VSVinS6.5V. All Other Pins Not Under Test 
= 0V) 


-10 


10 


M A 




loin 


OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSVoutSVcc) 


-10 


10 


„A 




VOH 


OUTPUT LEVEL 

Output "H" Level VOLTAGE (loui= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level VOLTAGE (lour = 4.2mA) 




0.4 


V 
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C OPERATING CONDITIONS 



(Vcc = 5V±10%. Ta = 0~70'C) (Notes 5. 6. 7) 



SYMBOL 


PARAMETER 


TC51 1000C-10 


TC51 1000C-12 


UNITS 


NOTES 


MIN. 


MAX 


MIN . 


MAX, 


tRC 


Random Read or Write Cycle Time 


190 


- 


220 


- 


ns 




tRWC 


Read-Write Cycle Time 


235 


- 


270 


- 


ns 




tec 


Fast Page Mode Cycle Time 


70 


- 


85 


- 


ns 




tRAC 


Access Time from RAS 


- 


100 




I 20 


ns 


8.13 


tCAC 


Access Time fromCAS 


- 


20 




25 


ns 


8.13 


tAA 


Access Time from Column Address 


- 


55 


— 


65 


ns 


8,13 


tACP 


Access Time from CAS Precharge 


- 


65 


- 


80 


ns 


8,14 


tOFF 


Output Buffer Turn-off Delay 





30 





35 


ns 


9 


tr 


Transition TimetRise and Fall) 


3 


35 


3 


35 


ns 


7 


tRP 


RAS Precharge Time 


80 




90 




ns 




IRAS 


RAS Pulse Width 


100 


100,000 


120 


100,000 


ns 




IRSH 


RAS Hold Time 


20 




25 




ns 




tCSH 


CAS Hold Time 


100 




120 




ns 




tCAS 


CAS Pulse Width 


20 




25 




ns 




tRCD 


RAS to CAS Delay Time 


25 


50 


25 


60 


ns 


13 


tcRP 


CAS to RAS Precharge Time 


10 




10 




ns 




tCP 


CAS Precharge Time 


10 


40 


15 


50 


ns 


14 


tASR 


Row Address Set-Up Time 












ns 


13 


tRAH 


Row Address Hold Time 


1 5 




tASC 


Column Address Set-Up Time 






tCAH 


Column Address Hold Time 


20 




25 




ns 




tAR 


Column Address Hold Time referenced to RAS 


70 




85 




ns 




tRAL 


Column Address to RAS Lead Time 


55 




65 




ns 




tRCS 


Read Command Set-Up Time 












ns 




tRCH 


Read Command Hold Time 












ns 


10 


tRRH 


Read Command Hold Time referenced to RAS 












ns 


10 


twCH 


Write Command Hold Time 


20 




25 




ns 




tWCR 


Write Command Hold Time referenced to RAS 


70 




85 




ns 




twp 


Write Command Pulse Width 


20 




25 




ns 




tRWL 


Write Command to RAS Lead Time 


40 




45 




ns 




tCWL 


Write Command to CAS - Lead Time 


20 




25 




ns 




tDS 


Data Set-Up Time 












ns 


1 1 


tOH 


Data Hold Time 


20 




25 




ns 


1 1 


tOHR 


Data Hold Time referenced to RAS 


70 




85 




ns 




tREF 


Refresh Period 


8 




8 




ms 




twcs 


Write Command Set-Up Time 












tcWD 


CAS to WRITE Delay Time 


20 




25 








tRWD 


RAS to WRITE Delay Time 


100 




120 




ns 


12 


tAWD 


Column Address to WRITE Delay Time 


55 




65 




ns 


12 


tCSR 


CAS Set-Up Time(CAS before RAS Cycle) 


10 




10 




ns 




tCHR 


CAS Hold Time(CAS before RAS cycle) 


30 




30 




ns 




tRPC 


RAS to CAS Precharge Time 












ns 




tCPT 


CAS Precharge Time(CAS before RAS Counter Test 
Cycle) 


50 




60 




ns 
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TC511000C-10 
TC511000C-12 



CAPACITANCE (Vcc=5V+lO%. f = lMHz. Ta = 0-70"C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 1 UNITS 


Cn 


Input Capacitance (A0-A9. Din) 




6 


pF 


C,2 


Input Capacitance (RAS, CAS , WRITE) 




7 


PF 


Co 


Output Capacitance (Dour) 




7 


PF 



NOTES : 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2 . All voltege are reference to Vss. 

3. Icci. Icc3. Icc4, Icc6. depend on cycle rate. 

4. Icce, Icc4. depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200^s is required after power-up followed by 8 RAS cycles befo re proper device operation is 
ac hiev ed. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead of 
8 RAS cycles are required. 

6. AC measurements assume tr = 5ns. 

7. Vih (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. toFF (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

1 1 . These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read-modify-write cycles. 

12. twcs. tRWD, tcwD and tAWD are not restrictive operating parameters. They are included the data sheet as electrical 
characteristics only. If twcs ^ twcstmin.), the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through theentire cycle ; If tRWDitRwolmin.), tcwoStcwDlmin.) and UwDauwD(min.). the cycle is 
a read-write or read-modify-write cycle and data out will contain data read from the selected cell : If neither of the 
above sets of conditions is satisfied, the condition of the data outfat access time) is indeterminate. 

13. Operation within tRco(max.) and Uscfmax.) limit insure that tHAc, tcAc, Ua can be met. 
tRCDlmax.) and Usdmax.) are specified as the reference points only. 

[tRCD(max.) + tASc(max.)] StRCD and [tRCD-Usc]StRCD(max.) ikac (area 1) 

[tRCD(max.)+tAsc(max.)]2tRCD and [tRCD— Use] StRCDlmax.) Ua (area 2) 

[tRCDlmax. ) + tAsc(max.)] Sircd and Use S tAsc(max.) tAA (area 3) 

[tRCD(max. ) + Usc(max.)] StRCD and Use a Usdmax.) icac (area 4) 
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TC511000C-10 
TC511000C-12 



14. Operation within tcp(max.) limit insure that Ucp . toe. tAA can be met in Fast Page Mode Read Cycle. 
tcp(max.) is specified as a reference point only. 

tcp S tcp(max.) and Use 4 [tcp-tcp(min.)] Ucp (area 1) 

tcp S tcp(max.) and Use A [tcp-tcp(min.)] Ua (area 2) 

tcp £ tcp(max.) and Use SUsc(max.) Ua (area 3) 

tcp £ tcp(max.) and Use SUsc(max.) tcAc (area 4) 
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TC511000C-10 
TC511000C-12 



• BEA D CYCL E 



HAS 



VlH 



1 



t CRP 



VlL — 



tRAS 



f 



C CSH 



^RCD 



^ i t CAS J 



VlH — J, 

v il — 



r RSH 



tRCS 



D OUT 



V H 

Vol — 



7 



tCRP 



'RRH 



••CAC 



L RAC 



l RCH 



VALID DATA 



Don't care 
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TC511000C-10 
TC511000C-12 



E ARLY WRITE CYCLE 



"RAS" 



VlH 
VlL 



Via 



\ 



A 0~ A 9 



t RC 



t-RAS 



/ 



tRCD 



l RWL 



l WCR 



twcs 



SITE V ' H ^ 



::: - '///////////////////m . 



'WCH 



c DH 



VALID DATA 



^DHR 



l RP 



tcRP 



D OUT 



V H 

Vol — 



Don't care 
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TC511000C-10 



• READ-WRITE READ-MODIFY-WRITE CYCLE 



\ 



l CHP 



CAS 



VlH 



A 0~ A 9 




t RAS 



l RCD 



1Q. 



'rah 'aso 



w////////////r 



tRCS 



Din 



v 1H —77 



^AWD 



'RWL 



C RP 



DS t-DH 



WMWMMMM&EEEELMMMMMM 



/ 7 ' 



V 



2 



l RAC 



D 0L1T 



Vol — 



( 



'off 



Don't care 



TC511000C-10 



FAST PAGE MODE READ CYCLE 



A 0~~ A 9 



WRITE 



D UT 



v h 

Vol — 




4 



CYALIdX / VALID I i VALID V 

DATA f \ DATA ^ f \ _DATA ^ I 



11 OFF 



'off 



t-OFF 



H Don,t 
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• rAb I rAUt MUUfc WRIT E CYCLE 



tRAS 



tRP 



VlH 



t P0 



VlH 



tRCD 



l AK 



t RAH 



'IB — 7 



l WCR 



1-DS l DH 




CAH t,SC 



"•DHR 




l WCH 




t WCH 



D OUT 



v 0H — 
vol — 



Don't care 
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TC51 1 0OOC-1 
TC511000C-12 



/ 




RAS O NLY PEFRESH CYCLE 



CAS* 




A ~Ag 



l ASS r RAH 



D OUT 



V H 



Don't care 



NOTE : WRITE= Don't care, A9 = Don't care 



TC511000C-10 

r-1 2 



mm 



• CAS BEFORE RAS REFRESH CYCLE 



*'I8 



Vll, 



t RPG 



'CP 



\ 



t R0 



t RAB 



I-CSR t CHR 



D OUT 



vol — - 



> 



Don't care 



NOTE : WRITE = Don't care, AO~A9 = Don't care 
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TC511000C-10 
TC511000C-12 




Don't care 
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TC511000C-10 
TC511000C-12 



• CAS_ BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



CAS 



VlH 



'CHR I t CPT 



A 0"~ A 9 



- w//////////////////////m 



D OUT 



READ CYCLE 

V H _ 

V 0L 

v IH -77 



t RSH 



'CAS 




- w///////////////////////, 



'IL 



D OUT 



WRITE CYCLE 
V 0H 



vol — 
Vih —% 

V IL " 



D IN 



vih — 7 



DATA ^ 



VALID DATA 



D OUT 



READ-WRITE/ READ-MODIFY -WRITE CYCLE 
Vqh 



::: ~ >/////////////////////////M 



% RCS 



'OFF 



VALID DATA 



Em 



vih —7 
If* — 



'CWL 



> 



_ 



valid data 



TC511000C-10 
TC511000C-12 



• OUTLINE DRAWINGS 




Unit in 




NOTES : Each lead pitch is 2. 54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 16 leads. Alldimensions are in millimeters. 



Note Toshiba does no! assume any responsibility for use of any circuilry described , no circuit patent licenses are implied, and Toshiba reserves the fight, at any time 

without notice, to change said circuitry. 
©Aug,, 1985 Toshiba Corporation 



1 .048.576 WORD X 1 BIT STATIC COLUMN DYNAMIC RAM 

SILICON GATE CMOS 



TC511001C-10 
TC511001C-12 



DESCRIPTION 

The TC51 1001C is the new generation dynamic 
RAM organized 1,048,576 words by 1 bit. The 
TC511001C utilizes TOSHIBA'S CMOS Silicon gate 
process techndogy as well as advanced circuit tech- 
niques to provide wide operating margins, both 
internally and to the system user. Multiplexed 
address inputs permit the TC51 1001C to be pack- 



aged in a standard 1 8 pin ceramic DIP. This package 
size provides high system bit densities and is com- 
patible with widely available automated testing and 
insertion equipment. System oriented features 
include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance 
logic families such as Schottky TTL. 



RES 

• 1 ,048,576 words by 1 bit organization 

• Fast access time and cycle time 





TC51 1001C-10 


TC51 1001C-12 


RAS Access 

tRAC 

Time 


100ns 


120ns 


Column 
t •'-•"> Address 
Access Time 


50ns 


60ns 


CS Access 

tACS 

Time 


20ns 


25ns 


tHc Cycle Time 


190ns 


220ns 


Static 
tsc Column Mode 
Cycle Time 


55ns 


65ns 



PIN CONNECTION (TOP VIEW) 



"INC 



'KASC 3 
N.C.S 4 
AOC 5 

aic a 

A*C 7 

«3C e 



16 ] C5 
□ .. 

I 3A8 
W J A 7 

3A6 

II Dao 

10 3 A4 



Ao~A9 


Address Inputs 


RAS 


Row Address Strobe 


Din 


Data In 


Doui 


Data Out 


CS Chip Select Input 


WRITE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


N. C. 


No Connection 



• Single power supply of 5V±10% with a built-in 
Vbb generator 

• Low power 

330mw Operating (MAX.) (TC51 1 001 C-1 0) 
275mW Operating (MAX.) (TC51 1001C-12) 
5.5mW Standby (MAX.) 

• Industry standard 18 pin ceramic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capa bility 

• Read-Modify-Write.RAS-only refresh, and Static 
Column Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 



BLOCK DIAGRAM 
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TC511001C 





SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1-7 


V 


1 


Output Voltage 


Vout 


- 1 ~Vcc + 
0.5 


y 




Power Supply Voltage 


Vcc 


-1-7 


V 


1 


Operating Temperature 


Topr 


0-70 


■c 


1 


Storage Temperature 


TSTG 


-55-150 


•c 


1 


Soldering Temperature-Time 


TsOLDER 


260-10 


'C-sec 




Power Dissipation 


Pd 


1 


W 




Short Circuit Output Current 


lout 


50 


mA 






OPERATING CONDITIONS (Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN . 


TYP. 


MAX. 


UNIT 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1 .0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNITS 


NOTES 


Icct 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CS. Address. Cycling : tRc=t«c MIN.) 


TC51 1001C-10 




60 


mA 


3.4 


TC51 1001C-12 




50 


ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CS=Vih) 




3 


mA 




1CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current. RAS Only Mode 

(RAS Cycling. CS = Vih : t B c=tRc MIN.) 


TC51 1001C 10 




50 


mA 


3 


TC51 1001C-12 




40 


ICC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 

(RAS = CS=Vil. Address Cycling : tsc=tsc MIN.) 


TC51 1001C-10 




40 


mA 


3.4 


TC51 1001C-12 




30 


ICC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CS = Vcc -0.2V) 




1 


mA 




III) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VSVinS6.5V. All Other Pins Not Under Test 
= 0V) 


-10 


10 


„A 




loiLI 


OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSVouiSVcc) 


-10 


10 






VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout=— 5mA) 


2.4 




V 




Voi 


OUTPUT LEVEL 

Output "L" Level Voltage (lout = 4.2mA) 




0.4 


V 
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TC511001C-10 
TC511001C-12 



ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%. Ta = 0-70C) (Notes 5. 6. 7) 



c> T IVIoUL 


PARAtWlFTFR 


TC51 1001C-10 


TC51 1001C-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN . 


MAX. 


tRC 


Random Read or Write Cycle Time 


190 




220 




ns 




Isc 


Static Column Mode Cycle Time 


55 




65 




ns 




tSBW 


Static Column Mode Read Write Cycle Time 


110 | - 


1 30 






tr 


Transition Time(Rise and Fall) 






3 








tRAC 


Access Time from RAS 




100 




120 


ns 


8,10 


tROH 


Output Date Hold Time from RAS 












ns 




tROZ 


Output Data Disable Time from RAS 




30 




35 


ns 


1 1 


tAA 


Access Time from Column Address 




50 




60 


ns 


9,10 


tAOH 


Output Data Hold Time from Column Address 


5 




5 




ns 




Ucs 


Access Time from CS 




20 




25 


ns 


10 


tS0H 


Output Data Hold Time from CS 












ns 




tsoz 


Output Data Disable Time from CS 




30 




35 


ns 


1 1 


tow 


Output Data Enable Time from WRITE 




30 




35 


ns 




tALW 


Access Time from Last Write 




105 




125 


ns 


12 


tWOH 


Output Data Hold Time from WRITE 












ns 




Trp 


RAS Precharge Time 


80 




90 




ns 




tftAS 


RAS Pulse Width 


100 


100,000 


120 


100,000 


ns 




t S P 1 CS Pulse Width 20 1 - 25 1 ns 


tsi | CS Inactive Time 10 — 15 | — ns 


tRSL 


CS to RAS Lead Time(Read Cycle) 


20 




25 




ns 




tSRS 


CS to RAS Set-Up TimelOutput Data Disable) 


10 




10 




ns 




tzRH 


RAS to CS Hold TimelOutput Data Disable) 












ns 




tASR 


Row Address Set-Up Time 












ns 




tflAH 


Row Address Hold Time 


15 




15 




ns 




tRAD 


RAS to Column Address Delay Time 


20 


50 


20 


60 


ns 


13 


tAR 


Column Address Hold Time Reference to RAS 


100 




120 




ns 




tRAL 


Column Address to RAS Lead TimefRead Cycle) 


50 




60 




ns 




tAHR 


Column Address Hold Time Reference to RAS Rise 


10 




15 




ns 


14 


tt.WAD 


Last Write to Column Address Delay Time 




55 




65 


ns 


15 


Iahlw 


Last Write to Column Address Hold Time 


105 




125 




ns 




tRRS 


Read Command Set-Up Time Reference to RAS 












ns 


16 


tRCS 


Read Comand Set-Up Time Reference to CS 












ns 


16 


tRRH 


Read Command Hold Time Reference to RAS 












ns 


1 7 


tRCH 


Read Command Hold Time Reference to CS 












ns 


17 


tWP 


WRITE Pulse Width 


20 




25 




twi 


WRITE Inactive Time 10 | — IS ] — ns 


tRWL 


Write Command to RAS Lead Time 


40 




45 




ns 




tflWD 


RAS to WRITE Delay Time(Read-Write Cycle) 


1 00 




120 




ns 


18 


tAWD 


Column Address to WRITE Delay Time (Read-Write 
Cycle) 


50 




60 




ns 


18 


tWCR 


Write Command Hold Time Reference to RAS 


70 




85 




ns 
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TC511001C-10 
TC511001C-12 



SYMBOL 


PARAMETER 


TC51 1001C-10 


TC51 1001C-12 


UNITS 


NOTES 


MIN . 


MAX . 


MIN. 


MAX. 


tws 


— — — — ; 

Write Command Sot-Up TimefOutput Data Disable) 














1 R 


tWH 


Write Command Hold TimefOutput Data Disable) 














1 R 


Iasw 


Write Address Set-Up Time 
















tAHW 


Write Address Hold Time 


20 




25 




ns 




tAWR 


Write Address Hold Time Reference to RAS 


70 




85 




ns 




tDS 


Data-in Set-Up Time 












ns 




tDH 


Data-in Hold Time 


20 




25 




ns 




tDHR 


Data-in Hold Time Reference to RAS 


70 




85 




ns 




tHEF 


Refresh Period 




8 




8 


ms 




CAPACITANCE (Vcc = 5V±10%, f=1MHz. Ta = 0-70"C) 


SYMBOL 


PARAMETER 


MIN . 


MAX. 


UNIT 


Cn 


Input Capacitance {A0-A9, Din) 




6 


pF 


C,2 


Input Capacitance (RAS. CS. WRITE) 




7 


pF 


Co 


Output Capacitance (Dout) 




7 


pF 



NOTES : 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltage are referenced to Vss. 

3. Icct, cc3. Icc4 depend on cycle rate. 

4. loci. Icc4 depend on output loading. Specified values are obtained wit h the output open. 

5. An initial pause of 200/iS is required after power-up followed by any 8 RAS cycles before proper device operation 
is achieved. 

6. AC measurements assume tT=5ns. 

7. ViHlmin.) and Vnfmax.) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Assumes that tRADStHAolmax.). If tRAD is greater than the maximum recommeded value shown in this table. tRAC will 
Increase by the amount that tRAo exceeds the value shown . 

9. Assumes that tRAD£tRAD(max. ) 

10. Measured with a load equivalent to 2 TTL loads and 100pF. 

1 1 . tRoz and tsoz define the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

1 2 . Assumes that tLWADStLWADlmax.). If Uwad is greater than the maximum recommeded value shown in this table, Ulw 
will increase by the amount that tLWAD exceeds the value shown. 

1 3 . Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAD(max.) is specified as a reference point 
only : If tRAo is greater than the specified tRADlmax.) limit, then access time is controlled exclusively by tAA. 

14. Uhr is the condition to latch column address when RAS has rised up. 

15. Operation within the tLWAD(max.) limit insures that tALw(max.) can be met. tiwADtmax.) is specified as a reference 
point only : If tLWAD is greater than the specified tLWAofmax.) limit, then access time is controlled exclusively by tAA. 

1 6. Either tRcs or tRRS must be satisfied for a read cycle. 

1 7 . Either tRCH or tRRH must be satisfied for a read cycle. 

18. tws. twH, tRwo and Uwo are not restrictive operating parameters. 

They are included in the data sheet as electrical characteristics only. If tws £ twslmin.) and twH £ twHfmin. ). the data 
out pin will remain open circuit (high impedance) through the entire cycles ; If tRwofetRWDfmin.) and Uwo £ Uwd 
(min.), the cycle is a read-write cycle and the data out will contain data read from the selected cell : If neither of the 
above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 
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TC511001C-10 



TIMING WAVEFORMS 

• READ CYCLE 



C5 



DquT 



VlH " 

VlL 

via - 

VlL - 



tRC 



t RAS 



/ 



tRAH 



ROW 
ADDRESS 



t RAD 



l RAL 



V 



COLUMN 
A DDR ES S 



V IH ~7, 

V IL " 




V H 
V 0L 



r RSL 



-c 



VALID DATA 



Don' t care 



• WRITE CYCLE 



VlH 

VlL 



l RC 



l RAS 



^AWR 



C RAH 



ROW 
ADDRESS 



VlL 



LUMN 

ESS 



l WCR 



WRITE V IH 7. 



~ m//// //////// ///tit 



"in v ih — 77 

VlL 

EOUT V ° H 
V OL 



V 



'■>'>;>/////////////, 



- m//////////////////^^ - mmw///////////M 



TC511001C-10 




"-RKS 



WRITE :H " 



D OUT 



w 



W///WA 



t ROH 



S-SOil 



^ VALID DATA^ DATA ) ( VALID DAI ^ 



□ 



Don't care 



• STATIC COLUMN MODE WRITE CYCLE 




Don't care 
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TC511001C-10 
TC51 1001 C-12 



• STATIC COLUMN MODE READ-WRITE CYCLE 



RAS 



CS" 



"in 



l ASR 



VlH 



VlH — 



VlH — 7 



l RAS 



•-AHW 



'BAP 



COLUMN 
ADDRESS 



£ RWL 



xzx 



■f 



VALID 
DATA 



COLUMN 
ADDRESS 



mSMMMi 



J 



f 



H |. \ AA 



wm y//////////////// A 



• STATIC COLUMN MODE READ WRITE MIXED CYCLE 



Don't care 



Vih — 



Vil 



din 



d out 



V 0H 

vol 



'ASW 



column 

ADDRESS 



l AOH 



VALI 
DATA 



(READ) 



'AHW 



tAHLW 



VALID DATA 



INVALID DATA 



(WRITE) 



VALID 
DATA 



(READ) 
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TC511001C-10 



RAS ONLY REFRESH CYCLE 



D OUT 




Don't care 




Unit in 





2.54TYP 



1.4±0.1 



NOTES : Each lead pitch is 2. 54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. Alldimensions are in millimeters. 

Note Toshiba does not assume anv responsibility tor use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, a! any time 

without notice, to change said circuitry 
: Aug 1 985 Toshiba Corporation 
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2,048 WORD X 8 BIT STATIC RAM 



TMM201 5AP-90, TMM2015AP-12 
TMM2015AP-10, TMM2015AP-15 



The TMM2015AP is a 16,384 bits high speed 
and low power static random access memory 
organized as 2,048 words by 8 bits and operates 
from a single 5V supply. Toshiba's high performance 
device technology provides both high speed and low 
power features with a maximum access time of 90ns/ 
100ns/120ns/150ns and maximum operating current 
of 80mA/65mA/65mA/65mA. When CS is a logical 



high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2015AP is most suitable for use in 
microcomputer peripheral memory 'where the low 
power applications are required. The TMM201 5AP 
is fabricated with ion implanted N channel silicon 
gate MOS technology for high performance and high 
reliability. 



FEATURES 

• Access Time and Current 



^\F>arameter 
Part Number^-^ 


Access 
Time (Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2015AP-90 


90ns 


80mA 


7mA 


TMM2015AP-10 


100ns 


65mA 


7mA 


TMM2015AP-12 


120ns 


65mA 


7 mA 


TMM2015AP-15 


150ns 


65mA 


7mA 



PIN CONNECTION 



A,C 1 
A 6 C 2 
A S C 3 
A„C.4 



A 3 C 


5 






s 


A 2 C 


6 




A,C 


7 


> 

0. 


A C 


8 


O 


I/O, C 


9 






10 




l/0 3 C 


" 




GNDC 


12 





□ v cc 

23 □ A 8 
22 □ A, 
21 □ WE 
20 J 51 
19 □ A 10 
18 JCS 
1.7 □ l/0„ 
16 3 I/O, 
15 Ill/Os 
14 Jl/Oj 
13 HI/CI, 



SYMBOL 


NAME 


Ao ~ A 3 


Column Address Inputs 


A 4 ~ A 10 


Row Address Inputs 


CS 


Chip Select Input 


We 


Write Enable Input 


I/O, ~ l/0 R 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 



High Density Assembly Capability: 

0.3 inch package 

(24 pins plastic DIP) 
Single 5V Power Supply 
Fully Static Operation _ 
Power Down Feature: C S 
Output Buffer Control: OE 
Three State Outputs 

All Inputs and Outputs: Directly TTL Compatible 
Inputs Protected: All inputs have protection 
against static charge. 



BLOCK DIAGRAM 

~cs_ 

A 4 




=33 
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TMM2015AP-90, TMM2015 

TMRilom KAD_«lO XMM.S™ 




VlIM- V OUT 


Input/Output Voltage 


-0.5 ~ 7.0 


V 


Topr. 


Operating Temperature 


0-70 


°C 


TSTG. 


Storage Temperature 


-55- 150 


°c 


TsOLDER . 


Soldering Temperature • Time 


260- 10 


°C • sec 


Pd 


Power Dissipation (Ta ■ 70°C) 


0.7 


W 



D.C. RECOMMENDED OPERATING CI 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V| H 


Input High Voltage 


2.0 




Vcc+1.0 


V 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


lUL 


Input Leakage Current 


V| N =0V~5.5V 


-10 




10 


M 


V OH 


Output High Voltage 


Iqut = —I.OmA 


7.4 






V 


Vol 


Output Low Voltage 


Iout = 2.1mA 






0.4 


V 


Ilo 


Output Leakage Current 


CS=V| H orWE=V IL or 

OE = V, H . V OLn - = OV — 5.5V 


10 




10 


*lA 


!SBP 


Peak Power-on Current 


CS- Vcc. 'OUT = OmA 






30 


mA 


I SB 


Standby Current 


CS = V,„. lour = OmA 






7 


mA 




Operating Current 
TMM201 5AP-10/-12/-15 


CS = V IL . lour = OmA 






65 


mA 


!CC2 


Operating Current 
TMM2015AP-90 


CS = V, L . Iqut = OmA 






80 


mA 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V«=Ov 


5 


pF 


c OUT 


Output Capacitance 


V«=0» 


10 


pF 



* Note: This parameter is periodically sampled and is not 100% tested. 



TMM2015AP-90, TMM2015AP-12 



A C. CHARACTERISTICS (Ta = ~ 70°C. V cc = 5V ± 1 



SYMBOL 


PARAMETER 


TMM2015AP-90 


TMM2015AP-10 |TMM201 5AP-1 2 |TMM2015AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. ! MIN. 


MAX. 


tRC 


Read Cycle Time 


90 




100 




120 




150 




ns 


tACC 


Address Access Time 




90 


— 


100 




120 




150 


ns 


tco 


Chip Select Access Time 




90 




100 




120 




150 


ns 


tOE 


Output Enable Time 




35 




35 




50 




55 


ns 


tOH 


Output Data Hold Time from 
Address Change 


10 




10 




10 




10 




ns 


<CLZ 


CS to Output in Low-Z 


10 




10 




10 




10 




ns 


tCHZ 


CS to Output in H«gh-Z 




40 




AO 




40 




55 


ns 


tOLZ 


OE to Output in Low-Z 


5 




5 




5 




5 




ns 


<OHZ 


OE to Output in High Z 




35 




35 




35 




50 


ns 


tpu 


Chip Selection to Power Up Time 






















ns 


tpo 


Chip Deselection to Power Down Time 




50 




50 




60 




60 


ns 



SYMBOL 


PARAMETER 


TMM2015AP-90 


TMM2015AP-10 


TMM2015AP-12 


TMM2015AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


'WC 


Write Cyde Time 


90 




100 




120 




150 




ns 


l cw 


Chip Selection to End of Write 


70 




80 




100 




120 




ns 


tAS 


Address Set up Time 


20 




20 




20 

85~~ 




20 




ns 


t\w 


Write Pulse Width 


60 




70 






100 




ns 


tWR 


Write Recovery Time 






















ns 


Ids 


Data Set up Time 


35 




40 




50 




60 




ns 




Data Hold Time 






















ns 


tWLZ 


WE to Output in Low Z 


5 




5 




5 




5 




ns 


tWHZ 


WE to Output in High-Z 




25 




30 




35 




50 


ns 



Input Pulse Levels 


~ 3.5V 


Input Rise and Fall Time 


10ns 


Input and Output Reference Levels 


1.5V 


Output Load 


1 TTLGate&C L = lOOpF 
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TMM2015AP-90, TMM2015AP-12 
TMM2015AP-10. TMM2015AP-15 



TIMING WAVEFORMS 

(A) READ CYCLE [I]' 1 ' 



ADDRESSES 



Dqut 









( ) 


( 


t ACC 






tOHZ 














\\\\\\\\\ 




y//A 


V////////A 


HIGH IMPED/1 


*OLZ 










HIGH IMPEDANCE 


NCE 




< 




^ OUTPUT DATA VALID j 


m 


E> 



(B) READ CYCLE [2] 111121 



cs 



DOUT 



HIGH IMPEDANCE 



Supply l cc 
Current Igg - 



/ 



OUTPUT DATA VALID 



HIGH IMPEDANCE 



V 



IC) WRITE CYCLE [11 131 



iWMMM 



; v 



'WP 



DATA IN VALID 



D OUT 



HIGH IMPEDANCE 
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TMM2015AP-90, TMM2015AP-12 

2015AP-15 



(D) WRITE CYCLE [21 131 



°OUT 




jWMMM 



DATA IN VALID 



HIGH IMPEDANCE 



Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = V 1L in read cycle [1 ] . 

(2) All addresses are valid prior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the t w p is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition' occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tcLZ. L OLZ- *WLZ Output Enable Time 

( B> tcHZ. tOHZ< twHZ Output Disable Time 



"out 



HIGH IMPEDANCE - 



0.15V 
0.15V 



a 



1 HIGH IMPEDANCE 



Dqut O— 



C L =30pF 



T 
I 



Fig. 1 Output load condition for 
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time measurement. 




Note : Each lead pitch is 2.54rnm, All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No. 24 leads. 



Note: Toshiba does not assume anv responsibility for use of anv circuitry described; no circuit patent licenses are implied, and Toshiba 

right, at any time without notice, to change said circuitry- 
© Aug , 1 985 Toshiba Corporation 



TOSHIBA MOS MEMORY PRODUCTS 



2.048 WORD X 8 BIT STATIC RAM TMM201 5BP-90, TMM201 5BP-1 2 

TMM201 5BP-1 0, TMM201 5BP-1 5 



SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 



DESCRIPTION 

The TMM2015BP is a 16, 384 bits high speed 
and low power static random access memory orga- 
nized as 2, 048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
1 00ns/1 20ns/1 50ns _and maximum operating cur- 
rent of 50mA. When CS is a logical high, the device 



is placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM201 5BP is most suitable for use in microcom- 
puter peripheral memory where the low power 
applications are required. The TMM201 5BP is fa- 
bricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 



FEATURES 

• Access Time and Current 



Parameter 

Part 

Number 


Access 
Time 
(Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2015BP-90 


90ns 


50mA 


5mA 


TMM2015BP-10 


1 00ns 


50mA 


5mA 


TMM2015BP-12 


120ns 


50mA 


5mA 


TMM2015BP-15 


1 50ns 


50mA 


5mA 



• High Density Assembly Capability: 

0.3 inch width package (24pin plastic DIP) 



A7 C 

A6 C 2 

A5 C 3 

A4 C 4 

A3 C 6 

A2 L 6 

AlC 7 

AO C 8 

1/01 C 9 

I '02 C io 

1/03 C 11 
ondC 12 



i :iv cc 

23 □ A8 
22 DA9 
21 3 WE 
20 DOE 

iy ]aio 

18 3CS~ 
17 3 1/08 
ie> 3 i/o? 
15 3 1/06 
14 3 1/05 
13 □ t/04 



A0-A3 


Column Address Inputs 


A4--A10 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


I/0i~I/Ob 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 





• Single 5V power Supply 

• Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control: OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have protection 

against static charge. 




TMM201 5BP-90, TMM201 5BP-12 




MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


VlN, VOUT 


Input/Output Voltage 


-0.5--7.0 


V 


Topr 


Operating Temperature 


0-70 


■c 


TSTG 


Storage Terperature 


-55-150 


•c 


I JLDEH 


Soldering Temperature • Time 


260 • 10 


"C-sec 


Pd 


Power Dissipation (Ta=70'C) 


0.7 


W 



* -3.0V at Pulse width 50ns 



. RECOMMENDED OPERATING CONDITIONS (Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX. 


UNIT 


VlH 


Input High Vovtage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.5" 




0.8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* * - 3.0V at Pulse width 50ns 




(Ta=0-70-C, Vcc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0V~5.5V 


-10 




10 


*A 


VOH 


Output High Voltage 


lour= - 1 .OmA 


2.4 






V 


Vol 


Output Low Voltage 


louT = 4.0mA 






0.4 


V 


Ilo 


Output Leakage Current 


CS = Vih or 
WE=Vil or 0E = Vih. 
Vour = OV~5.5V 


-10 




10 


M A 


ISBP 


Peak Power-on Current 


CS~=Vcc. louT = OmA 






10 


mA 


IS6 


Standby Current 


CS=Vih . louT = OmA 






5 


mA 


Ice 


Operating Current 


CS=Vil, lour = OmA 






50 


mA 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


5 


pF 


COUT 


Output Capacitance 


Vour = OV 


10 


PF 



* * * Note : This paramenter is periodically sampled and is not 100% tested. 
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TMM2015BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 



A. C. CHARACTERISTICS_ (Ta=0~70'C. Vcc = 5V±10%) 



Read Cycle 





PARAMETER 


TMM2015BP-90 


TMM2015BP-10 


TMM2015BP-12 


TMM20158P-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tnc 


Read Cycle Time 


90 


— 


100 


- 


120 




150 




ns 


tACC 


Address Access Time 




90 




100 




120 




150 


tco 


Chip Select Access Time 


— r- 


90 




100 




120 




150 


tOE 


Output Enable Time 




35 




35 




50 




55 


tOH 


Output Data Hold Time from Address 
Change 


10 




10 




10 




10 




tCLZ 


CS to Output m Low-Z 


15 




15 




15 




15 




tCHZ 


CS to Output in High-Z 




40 




40 




40 




55 


tOLZ 


OE to Output in Low-Z 


5 




5 




5 




5 




tOHZ 


OE to Output in High-Z 




35 




35 




35 




50 


tPU 


Chip Selection to power Up Time 






















tPD 


Chip Deselection to Power Down 
Time 




50 




50 




60 




60 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2015BP-90 


TMM2015BP-10 


TMM2015BP-12 


TMM2015BP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 90 


— 1 100 




120 




! B0 




ns 


tew 


Chip Selection to End of Write 60 






85 




100 




tAS 


Address Set Up Time 


20 




2i 




20 




20 




tWP 


Write Pulse Width 


55 




65 




80 




100 




tWR 


Write Recovery Time 






















tDS 


Data Set Up Time 


30 




35 




45 




50 




tDH 


Data Hold Time 






















tWLZ 


WE to Output in Low-Z 


5 




5 




5 




5 




tWHZ 


WE to Output in High-Z 




25 




30 




35 




50 



A. C. TEST CONDITIONS 



Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Time 


10ns 


Input and Output Timing Reference Levels 


1.5V 


Output Load 


1 TTL Gate & Ci=100pF 
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ADDHRSSKS 



IDC 



Pdut 



HI OH IMPEDANCE 



t-OLZ 



iWMZzzm 



OUTPUT DATA VALII 



HIOH IMPEDANCE 



• (B) READ CYCLE (23 (1). (2) 



DOUT 



HIGH 

IMPEDANCE 



tcLZ 



l CHZ 



OUTPUT DATA VALID 



HIQH 
L IMPEDANCE 



'■PUl 



tpp 



SUPPLY I c0 
CURRENT I SB 



• (C) WRITE CYCLE (1) (3) 



D i» 



D OUT 





^WC 

( 










\\\N 








r AS 




C WP 








7 


f 








'ds 


l DH 




) 


£ DATA IN VALID ^~ 







%LZ 




ft HIOH IMPEDANCE 




mm 
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(D) WRITE CYCLE [2] (3) 



u OUT 





t WC 












l AS 


r CW 








^ ? 








W/////////M 










) 


E )( 


HI3H IMPEDANCE 




^ HIOH IMPEDANCE 



NOTES: 

(1) The WE is high for read cycle. 

Device is continuously selected, CS =Vil in read cycle CD 

(2) All addresses are valid perior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time f rom the chip selection to end of write in write cycle, and the t w is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OEJs high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE" high transition, the output buffers remain in a high 
impedance state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig 1. 

(A) teLZ, toLZ, 1wlz Output Enable Time 

(B) tcHZ. toHZ. tWHz Output Disable Time 



V « 1 


t 




' " s 

IAI 


IB) , 



D OUT 



-0.15V 



d outO- 



15V 

10H | Mr'r. DANC E 



I flLSV 



I 



Fig. 1 Output load condition for enable disable time measurement. 



o 

: i.8«n 
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TMM2015BP-90, TMM2015BP-12 



Unit: mm 





r"j~i — c^n — rzjn — cja — 1^1 — r~|l , - 


*-Jp — iz)zi — t=)=i — cfcj — l=(=l — cj=^ 


■ — I — ■ i_L lJj 



9 10 11 12 




8° 



l\ 

w 

-o 



- 15" 
1.Z7MAX. 



2i)4»0.25 



NOTES : Each lead pitch is 2 . 54mm . All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads. 



Note Toshiba does not assume any responsibility for use of any circuitry described . no cifcuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
CAug., 1985 Toshiba Corporation 



-138- 



2,048 WORD X 8 BIT STATIC RAM 



TMM2016AP-90, TMM2016AP-12 
TMM2016AP-10, TMM2016AP-15 



The TMM2016AP is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/100ns/ 
120ns/150ns and maximum operating current of 
80mA/65mA/65mA/65mA. When CS is a logical 



high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM201 6AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2016AP is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 



MURES 

• Access Time and Current 



^\Parameter 
Part Number^^ 


Access 
Time (Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2016AP-90 


90ns 


80mA 


7mA 


TMM2016AP 10 


100ns 


65mA 


7mA 


TMM2016AP-12 


120ns 


65mA 


7mA 


TMM2016AP-15 


150ns 


65mA 


7mA 



Single 5V Power Supply 

Fully Static Operation 

Power Down Feature: CS 

Output Buffer Control: OE 
Three Stage Outputs 

All Inputs and Outputs: Directly TTL Compatible 
Inputs Protected: All inputs have prtoection aga- 
inst static charge. 



PIN CONNECTION 




BLOCK DIAGRAM 

A 4 



SYMBOL 


NAME 


A ~ A 3 


Column Address Inputs 


A 4 ~ A 10 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


I/O, ~ I/O, 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 




TMM2016AP-90, TMM2016AP-12 



TMM2016J 


\P-10, TMM2016AP-15 







Power Supply Voltage 


-0.5-7.0 


V 


VtN.Vour 


Input/Output Voltage 


-0.5 ~ 7.0 


V 


Topr . 


Operating Temperature 


0~70 


°c 


Tsig. 


Storage Temperature 


-55 ~ 1 50 


°c 


TsOLDEfl - 


Soldering Temperature • Time 


260 • 10 


°C • sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V 1H 


Input High Voltage 


2.0 




Vcc+1-0 


V 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 





SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


•|L 


Input Leakage Current 


Vim = 0V ~ 5.5V 


-10 




10 


CA 


VOH 


Output High Voltage 


louT = -1 0mA 


2.4 






V 


Vol 


Output Low Voltage 


'OUT = 2.1mA 






0.4 


V 


Ilo 


Output Leakage Current 


CS = V| H or WE = V| L or 

OE = V| H . Vout = 0V ~ 5.5V 


-10 




10 


MA 


■SBP 


Peak Power-on Current 


CS=Vcc. l O uT=0mA 






30 


mA 


'SB 


Standby Current 


cs = V IH. !oUT =0mA 






7 


mA 

rnA 


■cci 


Operating Current 
TMM2016AP 10/-12/-15 


CS = V||_, louT ~ 0mA 






65 


■CC2 


Operating Current 
TMM2016AP90 


CS=V, L .l OUT =0mA 






80 


mA 























SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


Vin=0v 


5 


pF 


COUT 


Output Capacitance 


Vin=Ov 


10 


pF 



• Note: This parameter is periodically sampled and is not 100% 
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TMM2016AP-90, TMM2016AP-12 
TMM2016AP-10, TMM2016AP-15 



A.C, CHARACTERISTICS (Ta = ~ 70°C, V cc = 5V ± 10%) 



READ 



SYMBOL 


PARAMETER 


TMM2016AP-90 


TMM2016AP-10 


TMM2016AP-12 TMM2016AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


90 




100 




120 




150 




ns 


'ACC 


Address Access Time 




90 




100 




120 




150 


ns 


'CO 


Chip Select Access Time 




90 




100 




120 




150 


ns 


tOE 


Output Enable Time 




35 




35 




50 




55 


ns 


'oh 


Output Data Hold Time from 
Address Change 


10 




10 




10 




10 




ns 


1_LZ 


CSto Output in Low-Z 


10 




10 




10 




10 




ns 


<CHZ 


CS to Output in High-Z 




40 




40 




40 




55 


ns 


tOLZ 


OE to Output in Low-Z 


5 




5 


- 


5 




5 




ns 


tOHZ 


OE to Output in High-Z 




35 




35 


35 




50 


ns 


tpu 


Chip Selection to Power Up Time 


_____ 




] - 












ns 


tpD 


Chip Deselection to Power Down Time 




50 




50 




60 




50 


ns 




SYMBOL 


PARAMETER 


TMM2016AP-90 


TMM2016AP-10 


TMM2016AP-12 


TMM2016AP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


90 




100 




120 




150 




ns 


lew 


Chip Selection to End of Write 


70 




80 




100 




120 




ns 


'AS 


Address Set up Time 


20 




20 




20 




20 




ns 


twp 


Write Pulse Width 


60 




70 




85 




100 




ns 


tWR 


Write Recovery Time 






















ns 


<DS 


Data Set up Time 


35 




40 




50 




60 




ns 


'OH 


Data Hold Time 






















ns 


tWLZ 


WE to Output in Low-Z 


5 




5 




5 




5 




ns 


tWHZ 


WE to Output in High-Z 




25 




30 




35 




50 


ns 




Input Pulse Levels 


~ 3.5V 


Input Rise and Fall Time 


10 ns 


Input and Output Reference Levels 


1.5V 


Output Load 


1 TTL Gate & C L = 100pF 
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TMM201 6AP- 



TMM2016AP 




(A) READ CYCLE [I] 1 



ADDRESSES 



OE 



Z3C 



3C 



HIGH IMPEDANCE 




ML 



W//////t 



OUTPUT DATA VALID 




HIGH IMPEDANCE 



(B) READ CYCLE [2] 11)121 

cs 



D UT 



HIGH 

IMPEDANCE 



Supply l cc 
Current l sa . 



tco 



'CLZ 



OUTPUT DATA VALID 



HIGH 

IMPEDANCE 



V 



(C) WRITE CYCLE [I] 131 



<wc 



1 



ill/////////////, 



5E 



DATA IN VALID 



D OUT 





'WLZ 




k HIGH IMPEDANCE 








f ^ 
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TMM2016AP-90, TMM2016AP-12 
TMM201I 



(D) WRITE CYCLE [2] 131 



AWWWWWWWWWWWWW 



Din 



°OUT 




DATA IM VALID 



HIGH IMPEDANCE 



Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = Vil in read cycle [1]. 

(2) All addresses are valid perior to or simultaneously with CS transistions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle, and the tvvp is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1 . 



(A) tci_z. toLZ. twLZ Output Enable Time 

(B) tcHZ. fQHZ. twHZ Output Disable Time 



WE 



D OUT 



HIGH IMPEDANCE 



' 



15V 
0.15V 



\ I HIC 



0.15V 
GH IMPEDANCE 



D 0UT O- 



C L -30pF 



T 
I 



Fig. 1 Output load condition for enable and disable time measurement. 
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TMM2016AP-90, TMM2016AP-12 




24 23 22 21 20 19 18 17 16 15 14 13 

. rji rjq rji.rji r^i r{ a rj~i rp rp rjn rp— 




Note : Each lead pitch is 2 . 54mm . All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
© Aug.. 1985 Toshiba Corporation 
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2.048 WORD X 8 BIT STATIC RAM TMM201 6BP90, TMM201 6BP-1 2 

TMM2016BP-10, TMM2016BP-15 



SILICON MONOLITHIC 
NCHANNEL SILICON GATE MOS PROCESS 



DESCRIPTION 

The TMM2016BP is a 16.384 bits high speed 
and low power static random access memory orga- 
nized as 2,048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
1 00ns /I 20ns/1 50ns and maximum operating cur- 
rent of 50mA. When CS is logical high , the device is 



placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM2016BP is most suitable for use in microcom- 
puter peripheral memory where the low power 
applications are required. The TMM2016BP is fa- 
bricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability. 



• Access Time and Current 



Parameter 
Part ^^^^ 
Number ^^^^ 


Access 
Time 
(Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2016BP-90 


90ns 


50mA 


5mA 


TMM2016BP-10 


100ns 


50mA 


5mA 


TMM2016BP-12 


120ns 


50mA 


5mA 


TMM2016BP-15 


150ns 


50mA 


5mA 



• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control : OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have protection 

against static charge. 



;k diagram 



A 7 C 1 
A6 [ j 
Ar. C 3 
A4 C 4 
A^C 6 
A* C a 
Ml 7 

ao c y 

L»1[J 
I/O* C 10 
I/Uo c 
UN C 



3 v i:c 

2 3 □ A8 

* i D WE 
■ n T 
19 3 A10 
lb 3 cy 

17 3 1/08 
16 3 1/07 

it> 3 i/oe 

14 3 I^Ufa 
! 3 3 1/04 



A0-A3 


Column Address Inputs 


Aa—Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi-l/Os 


Data Input/Output 


oT 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 




TMM201 6BP-90, TMM2016BP-12 




SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


Vin, Voin 


Input/Output Voltage 


-0.5--7.0 


V 


Topr 


Operating Temperature 


0-70 


•c 


TsTG 


Storage Terperature 


-55-150 


■c 


TsOLDER 


Soldering Temperature • Time 


260 ■ 10 


'C'Sec 


Pd 


Power Dissipation(Ta-70'C) 


1 .0 


W 



* -3.0V at Pulse width 50ns 




(Ta = 0~70-C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Vovtage 


2.0 




Vcc+1 .0 


V 


Vn 


Input Low Voltage 


-0.5" 




0.8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* * -3.0V at Pulse width 50ns 



D. C. CHARACTERISTICS (Ta = 0-7Q-C. Vc.c = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Leakage Current 


Vin = 0V-5.5V 


-10 




10 


M A 


Voh 


Output High Voltage 


lout = - 1 .OmA 


2.4 






V 


Vol 


Output Low Voltage 


Iout = 4.0mA 






0.4 


V 


Ilo 


Output Leakage Current 


CS = ViH or 
WE=Vil or OE=Vih. 
Vour = 0V~5.5V 


-10 




10 


„A 


IS8P 


Peak Power-on Current 


CS=Vcc, bur = 0mA 






10 


mA 


I SB 


Standby Current 


CS=Vih . lout = OmA 






5 


mA 


Ice 


Operating Current 


CS=Vil. louT = OmA 






50 


mA 




(Ta = 25'C. f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX 


UNIT 


ClN 


Input Capacitance 


V,n = 0V 


5 


pF 


COUT 


Output Capacitance 


Vour = OV 


10 


pF 



* * * Note : This paramenter is periodically sampled and is not 100% tested. 




TMM2016BP-90, TMM2016BP-12 




A. C. CHARACTERISTICS (Ta=0~70'C, Vcc=5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TMM2016BP-9O 


TMM2016BP-10 


TMM2016BP-12 


TMM2016BP-15 


UNIT 


MIN . 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


90 




100 




1 20 


_ 


150 




ns 


tACC 


Address Access Time 


- 


90 


- 


100 


- 


120 


- 


1 50 


tco 


Chip Select Access Time 




90 




100 




120 




i 50 


tOE 


Output Enable Time 




35 




35 




50 




55 


tQH 


Output Data Hold Time from Address 
Change 


10 




10 




10 




10 




tCLZ 


CS tc Output in Low-Z 


15 




15 




15 




15 




tCHZ 


CSTto Output in High-Z 




40 




40 




40 




55 


tOLZ 


OE to Output in Low-Z 


5 




5 




5 




5 




toHZ 


OE to Output in High-Z 




35 




35 




35 




50 


tpu 


Chip Selection to power Up Time 






















tPD 


Chip Deselection to Power Down 
Time 




50 




50 




60 




60 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2016BP-90 


TMM2016BP-10 


TMM2016BP-12 


TMM2016BP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 




twc 


Write Cycle Time 


90 




100 




120 




150 




ns 


tew 


Chip Selection to End of Write 


60 




70 




85 




100 




tAS 


Address Set Up Time 


20 




20 




20 




20 




twp 


Write Pulse Width 


55 




65 




80 




100 




tWR 


Write Recovery Time 
























tDS 


Data Set Up Time 


30 




35 




45 




50 






tDH 


Data Hold Time 






















tWLZ 


WE to Output in Low-Z 


5 




5 




5 




5 




tWHZ 


WE to Output in High-Z 




25 




30 




35 




50 



A. C. TEST CONDITIONS 




Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Time 


10ns 


Input and Output Timing Reference Levels 


1 .5V 


Output Load 


1 TTL Gate & Cl= 100pF 
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TIMING WAVEFORMS 

(A) READ CYCLE (1] (1 



ADDRESSES 



OE 



X 



D OUT 



HIOH IMPEDANCE 




-MfflZMZZZL 



OUTPUT DATA VALID 



HI OH IMPEDANCE 



• (B) READ CYCLE [2] (1), (2) 



D OUT 



HIOH 

IMPEDANCE 



jf 



OUTPUT DATA VALID 



HIOH 

IMPEDANCE 



SUPPLY I oc 



CURRENT I 



C PD 



SB ■ 



T 



• (C) WRITE CYCLE [1] (3) 



Z) 






( ) 


( 






t WR 








£ i 


W/////////M 




'•AS 




t wp 








k 7 


<- 








l DS 






) 


£ DATA IN VALID ^( 





D IN 





tWHZ_ 


HIOH IMPEDANCE 


tWLZ 












t | 
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• (D) WRITE CYCLE [2] (3) 



ADDRESSES 



Din 



D OUT 



HIOH IMPEDANCE 





i ) 








tew 






s 


7 








W////////////A 




l DS 




^ DATA IN VALID 



HIOH IMPEDANCE 



NOTES: 

(1) The WE is high for read cycle. 

Device is continuously selected, CS = Vil in read cycle^_1 ) . 

(2) All adresses are valid perior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle , and the Up is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high , the output buffers remain in a high impedance stat e in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buuffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaeously with WE high transition , the output buffers remain in a high impedance 
state in this period. 

Thease parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tCLZ. tola twiz Output Enable Time 

(B) tcHZ. toHz. twHz Output Disable Time 



V 



"out 



HIQH IMPIflJAKCK 



-ff- 



0.1b V 
0.15V 



JT 



HIO H IMPEDANCE 

15V 



'I 



Fig 1 Output load condition for enable disable time measurement 
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TMM2016BP-90, TMM2016BP-12 



24 23 22 SI 20 19 18 17 16 15 14 13 
""l"* '"I"' '"f"' 1 r j" 1 | t "|" 1 r j" 1 t "|" 1 r T t ^ r f 3 " 



Lp Lp Lp L}J Lp Lp | Lp Lp Lp Lp Lp T^T 

1 23455 789 10 1112 



Unit: mm 




NOTES : Each lead pitch is 2 .54mm. All leads are located within 0. 25mm of their true longitudinal position with respect 
to No.1 and No. 24 leads. 



Note Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry 
CAug.. 1985 Toshiba Corporation 



TOSHIBA MOS MEMORY PRODUCTS 

2,048 WORD X 8 BIT STATIC RAM TM M201 8D35 , TM M201 8D"45 

TMM2018D-55 



SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 



The TMM2018D is a1 6,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device tech- 
nology provides both high speed and low power 
features with a maximum access time of 35ns/45ns/ 
55ns and maximum operating current of 150mA. 
When CS goes high, the device is deselected and 
placed in a low power standby mode in which 



maximum standby current is 20mA. 

Thus the TMM201 8D is most suitable for use in 
cache memory and high speed storage. The 
TMM2018D is offered in 24 pin standard cerdip 
package with 0.3 inch width for high density- 
assembly. 

The TMM201 8D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 



Fast access time 



Ucc=35ns 
Ucc=45ns 
tACC=55ns 



TMM2018D-35 
TMM2018D-45 
TMM201 8D-55 



• Low power dissipation 
Ice - 1 50mA 
lsB=20mA 

• Single 5V power supply 

• Fully static operation 



• All inputs and outputs 
Directly TTL Compatible 

• Power down feature : CS = Vih 

• Output buffer control : OE 

• Three state outputs 

• Inputs protected : All inputs protection against 

static charge. 
24 pin standard cerdip, 0.3 inch width 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



A7C 

Ad C 2 

ASiC 3 

A4L° i 

A3C 5 

A*C 6 

Alt 7 

AOL 8 

L.'OSsC t'J 
•,/o-st 11 



I 3 ■ 

ZZ 3a* 
al 3WI 

□ ' T' 

3 ... 
18 3 * 
. 3 
. £ 3 
.3 

1*3: ,-o:> 

13 3 ,/lJ4 



Ao~Aio 


Address Inputs 




I/O, -I/Ob 


Data Input/Output 


cs o- 


CS 


Chip Select Input 


WE o- 


WE 


Write Enable Input 


OE o- 


OE 


Output Enable Input 




Vcc 


Power 1 + 5V) 




GND 


Ground 
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TMM2018D-35, TMM2018D-45 



Input Voltage 



-3.5-7.0 



Vi o 



Input/Output Voltage 



Topr 



Operating Temperature 



TSTG 



Storage Temperature 



Tsolder 



Soldering Temperature • Time 



260-10 



Power Dissipation 



0.9 



l0UT 



D. C. Output Current 



20 



D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-3.0' 




0.8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* Pulse Width: 10ns, DC: -0.5V(Mm.) 



D. C.( 



(Ta = 0~70'C, Vcc=5V±10%i 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


lit 

VOH 


Input Current 


Vin = 0-Vcc 




±10 


*A 


Output High Voltage 


Ioh= —4.0mA 


2.4 




V 


Vol 


Output Low Voltage 


I ■ =8. OmA 




0.4 


V 


Ilo 


Output Leakage Current 


Vout=0~Vcc 
CS = Vih 




±50 


«A 


Ice 


Operating 


CS = V,l 




150 


mA 


ISB 


Standby Current 


CS-V.m 




20 


mA 


ISBP 


Peak Power-on Current 


CS = Vcc 
Vcc=0~5.5V 




40 


mA 


CAPACITANCE* (Ta = 25'C, f= 1 MHz) 


SYMBOL 


PARAMETER 


CONDITIONS 


MAX, 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


5 


PF 


COUT 


Output Capacitance 


Vout=OV 


10 



* Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2018D-35, TMM2018D-45 
TMM2018D-55 



A. C. CHARACTERISTICS (Ta = 0-70-C. Vcc = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TMM2018D-35I TMM2018D-45 


TMM2018D-55 


UNIT 


MIN . 


MAX- | MIN . 


MAX. 


MIN, 


MAX. 


tRC 


Read Cycle Time 


35 




45 




55 




ns 


Ucc 


Address Access Time 




35 




45 




55 


tco 


Chip Select Access Time 




35 




45 




55 


tOE 


Output Enable to Output Valid 




20 




20 




25 


tCLZ 


Chip Selection to Output in low-Z 




5 




5 




5 


tCHZ 


Chip Deselection to Output in High-Z 





20 





20 





20 


tOLZ 


Output Enable to Output in Low-Z 

















IOH2 


Output Disable to Output in High-Z 





15 





15 





20 


tOH 


Output Data Hold Time 


5 




5 




5 




tPU 


Chip Selection to Power Up Time 

















tpo 


Chip Deselection to Power Down Time 




30 




30 




30 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2018D-35 


TMM2018D-45 


TMM2018D-55 


UNIT 


MIN . 


MAX. 


MIN . 


MAX. 


MIN . 


MAX. 


twc 


Write Cycle Time 


35 




45 




55 




ns 


tew 


Chip Selection to End of Write 


30 




40 




50 




Us 


Address Set Up Time 

















twp 


Write Pulse Width 


30 




35 




40 




twR 


Write Recovery Time 

















tWLZ 


WE to Output in Low-Z 

















tWHZ 


WE to Output in High-Z 





15 





15 





20 


tDS 


Data Set Up Time 


15 




20 




20 




tOH 


Data Hold Time 


















Input Pulse Levels 0-3. 5V 

Input Rise and Fall Times 5ns 

Input and Output Timing ^ ^ 

Reference Levels 

Output Load See Fig. 1 




1/ p;n o 




Fig.l Output Load 
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TMM2018D-35, TMM2018D-45 



TIMING WAVEFORMS 

Read Cycle 1. (WE = Vih. CS=Vil) 



t RC 



z acc 



t OLZ 



DOUT 



• Read Cycle 2. (WE=Vih, OE=Vil) 



x 



OUTPUT DATA VALID 



cs 



D OUT 



SUPPLY I( , u . 
CURRENT i S B 



*GLZ 



T 



OUTPUT DATA VALI D 



> 



• Write Cycle 1. 



D OUT 




TMM2018D-35, TMM2018D-45 
TMM2018D-55 



Write Cycle 2. 



WE 



DquT 



Din 



> 


( ) 


< 




X A3 «CW 










/ 








\ / 


Y/////////M 








y/////////// 

. *0t 


l HHZ 

z 

\ HIOH IMPEDANCE 





DATA IN S'iAhDE 



Note : 

1 . In read cycle 2. all addresses are valid prior to or coincident with CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TMM2018D-35, TMM2018D-45 



OUTLINE DRAWINGS 



Unit in mm 



24 23 22 21 20 19 18 17 16 15 14 13 

rp r~|~i rj~i r|~i r~p r~|-i r~[n r~|-i r~[-i 



l| I I | I I [ 1 1 | I 1 | I I [ I 1 | I I p I [ | I | I I | I I |T 

123 4 5 67 ay 10 U 12 

32.4MAX. 




Note ; Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No.1 and No. 24 leads. 



Note 
C Aug 



Toshiba does noi 3ssume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any t.me 
without notice, to change said circuitry 
1985 Toshiba Corporation 
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4.096 WORD X 4 BIT STATIC RAM TM M2068D-35, TM M2068D-45 

TMM2068D-55 



SILICON MONOLITHIC 
N CHANNEL SILICON GATE MOS PROCESS 



The TMM2068D is a 16.384 bits high speed and 
low power static random access memory organized 
as 4,096 words by 4 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 35ns/45ns/ 
55ns and maximum operating current of 1 50mA/ 
120mA/120mA. When CS goes high, the device is 
deselected and placed in a low power standby mode 



in which maximum standby current is 20mA. 

Thus the TMM2068D is most suitable for use in 
cache memory and high speed storage. 
The TMM2068D is offered in a 20 pin standard 
cerdip package with 0.3 inch width for high density 
assembly. 

The TMM2068D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 



• Fast access time 
tAcc=35ns: TMM2068D-35 
Ucc=45ns : TMM2068D-45 
Ucc = 55ns: TMM2068D-55 

• Low Power dissipation 

lcc= 150mA: TMM2068D-35 
lcc= 120mA: TMM2068D-45/55 
lsB=20mA 

• Single 5V power supply 

(TOP VIEW) 



A7 c 

M[ 2 

to [ 3 

A4 [ 4 

A3 C b 

A2 C 6 

Ai C 7 

AO C H 

CSC 9 

ON 1) C 10 



o 3"cc 
iy 3 ah 
ih 3 Ay 

17 3A10 
16 3A11 
15 3 1/01 
14 3 [/t>2 
13 D 1/03 
lii 3 I/Q4 
II 3 WE 



Ao~Aii 


Address Inputs 


1/0,-1/04 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


Vcc 


Power( + 5V) 


GND 


Ground 



• Fully static operation 

• All inputs and outputs 
Directly TTL compatible 

• Power down feature : CS=Vm 

• Three state outputs 

• Inputs protected : All inputs protection against 
static charge. 

• Package: 20pin standard cerdip package, 0.3 
inch width 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-3.5-7.0 


V 


Vin 


Input Voltage 


-3.5-7.0 


V 


Vi/o 


Input'Output Voltage 


-3.5-7.0 


V 


Topr 


Operating Temperature 


0-70 


c 


TsTRG 


Storage Temperature 


-55-150 


•c 


TsOLDER 


Soldering Temperature ■ Time 


260-10 


'C-sec 


Pd 


Power Dissipation 


0.9 


W 


IouT 


0. C. Output Current 


20 


mA 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-3.0' 




0.8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* Pulse Width : 10ns. DC : -0.5V(Mm.i 



D. C. CHARACTERISTICS (Ta = 0-70- C . Vcc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0~Vcc 




+ 


10 


„A 


VOH 


Output High Voltage 


Ioh- —4.0mA 


2.4 






V 


Vol 


Output Low Voltage 


Iol = 0.8mA 




0.4 


V 


Ilo 


Output Leakage Current 


Vour=0— Vcc 
CS = V, H 




±50 


/-A 


Ice 


Operating Current 


CS=Vil 


-35 




150 


mA 


-45/55 




120 


ISB 


Standby Current 


CS = Vih 




20 


mA 


ISBP 


Peak Power-on Current 








40 


mA 


















CAPAC 


TANCE* (Ta = 25-C, f=1MHz) 














SYMBOL 


PARAMETER 


CONDITIONS 


MAX 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


5 


PF 


COUT 


Output Capacitance 


Vout=OV 


10 



* Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2068D-35, TMM2068D-45 




A. C. CHARACTERISTICS (Ta-o-70C, Vcc = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TMM2068D-35 


TMM2068D-45 


TMM2068D-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


35 




45 




55 




ns 


tACC 


Address Access Time 




35 




45 




55 


tco 


Chip Select Access Time 




35 




45 




55 


tCLZ 


Chip Selection to Output in Low-Z 


5 




5 




5 




tCHZ 


Chip Deselection to Output in High-Z 





20 





20 





20 


toH 


Output Data Hold Time 


5 




5 




5 




tpu 


Chip Selection to Power Up Time 

















tPD 


Chip Deselection to Power Down Time 




30 




30 




30 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2068D-35 


TMM2068D-45 


TMM2068D-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


35 




45 




55 




ns 


tew 


Chip Selection to End of Write 


30 




40 




50 




Us 


Address Set Up Time 

















twp 


Write Pulse Width 


30 




35 




40 




tWR 


Write Recovery Time 

















tWLZ 


WE to Output in Low-Z 

















tWHZ 


WE to Output in High-Z 





15 





15 





20 


tos 


Data Set Up Time 


15 




20 




20 




Tdh 


Data Hold Time 


















Vcc 



A. C. TEST CONDITIONS 



Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 

Reference Levels 


1 ,5V 


Output Load 


See Fig. 1 



30pF 



Fig.l Output Load 

* Note : In all condition, tcHz max is less than tcLz min both for a given device and from device to device. 
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• Read Cycle 2. (WE=Vih) 



D OUT 



SUPPLY • 



l C0 



t CLZ 



3- 



OUTPUT DATA VALID 



tpD 



Write Cycle 1 . 



D OUT 



D 1N 









> 




K 






















r WP 








w 


s ^ 


/ 

^WLZ 






&KHZ 

sXXXyV H1QM IM^KDANUK 


C DS 





DATA IN STABLE 
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TMM2068D-35, TMM2068D-45 
TMM2068D-55 



• Write Cycle 2. 









> 


< : 


>< 














N 




/ 










k / 


'//////////////A 




t WHZ | 


HIGH IMPEDANCE 




> — 




Ids 







DoUT 



DATA IN STABLE 



Note : 

1 . In read cycle 2, all addresses are valid prior to or coincident with CS transition low. 

2. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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DRAWINGS 



20 19 18 17 16 15 14 13 12 11 

rtnrjirtirtirtir|~iiTir[nrfi rji 



LjJLpLl-ILpLjJLlJLjjLpLp LjJ 

12 3466789 10 



Unit in 




Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 20 leads. 



Note 
£Aug.. 



Toshiba does not assume any responsibility f or use of any circuitry described . no circuit patenl licenses are implied, and Toshiba reserves the right, at any lime 
without notice, to change said circuitry 
!985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 4 BIT STATIC RAM TM M2078D-35, TM M2078D-45 

TMM2078D-55 



SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 



The TMM2078D is a 16,384 bits high speed and 
low power static random access memory organized 
as 4,096 words by 4 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 35ns/45ns/ 
55ns and maximum operating current of 1 50mA/ 
120mA/120mA. When CS goes high, the device is 
deselected and placed in a low power standby mode 



in which maximum standby current is 20mA. 

Thus the TMM2078D is most suitable for use in 
cache memory and high speed storage. The 
TMM2078D is offered in a 22 pin standard cerdip 
package with 0.3 inch width for high density 
assembly. 

The TMM2078D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 



FEATURES 

• Fast access time 

Ucc = 35ns : TMM2078D-35 
tAcc = 45ns : TMM2078D-45 
Ucc = 55ns: TMM2078D-55 

• Low power dissipation 

lcc= 150mA: TMM2078D-35 
lcc= 120mA: TMM2078D-45/55 
lsB=20mA 

• Single 5V power supply 



• Fully static operation 

• All inputs and outputs Directly TTL compatible 

• Power down feature : CS =Vih 

• Output buffer control : OE 

• Three state outputs 

• Inputs protected : All inputs protection against 
static charge. 

• Package : 22 pin standard cerdip package, 0.3 
inch width 



A7C 

/,6 c a 

Aj[ 3 

A4 t 4 

»S£ » 

A L C 7 

AO C 8 

3'SC 9 



(TOP VIEW) 



3A8 

□ A9 

□ A1U 
3 All 

3 n . e . 

3 './ox 

3 1/02 
] ] /03 

31/04 
zy^ 7 



PIN NAMES 



Ao~An 


Address Inputs 


I/O1-I/O4 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


Vcc 


Power! + 5V) 


GND 


Ground 


N. C. 


No Connection 




OE O- 
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T 

T 



TMM2078D-35, TMM2078D-45 

TMM2078D-55 

^^^^ 



ruwei Supply 



-3.5-7.0 



VlN 



Input Voltage 



Vi/o 



Input/Output Voltage 



-3.5-7.0 



Topr 



Operating Temperature 



Tstrg 



Storage Temperature 



Tsoider 



Soldering Temperature • Time 



"C-sec 



Pd 



Power Dissipation 



0.9 



W 



l0UT 



D. C. Output Current 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vth 


Input High Vovtage 


2.0 




Vcc+1 .0 


V 


Vit 


Input Low Voltage 


-3.0* 




8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5 b 


V 



* Pulse Width : 10ns. DC: -0.5V(Min.) 



D. C. CHARACTERISTICS (Ta = 0-70-C. Vcc = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


lu. 


Input Leakage Current 


Vin=0~Vcc 




±10 


/.A 


Voh 


Output High Voltage 


Ioh=— 4.0mA 


2.4 




V 


Vol 


Output Low Voltage 


loL=0.8mA 




0.4 


V 


Ilo 


Output Leakage Current 


Vout-0~Vcc 
CS = V,h 




+50 


M A 


Ice 


Operating Current 


CS=Vu 


-35 




150 


mA 


-45/55 




120 


I SB 


Standby Current 


CS=Vih 




20 


mA 


ISBP 


Peak Power-on Current 


CS = Vcc 
Vcc=0~5.5V 




40 


mA 



CAPACITANCE' (Ta = 25"C, f= 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin=0V 


5 


pF 


COUT 


Output Capacitance 


Vour=OV 


10 



* Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2078D-35, TMM2078D-45 
TP 



A. C. CHARACTERISTICS <Ta 0-7CTC. Vcc = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TMM2078D-35 


TMM2078D-45 


TMM2078D-55 


UNIT 


MIN 


MAX 


MIN 


MAX. 


MIN. 


MAX. 




Read Cycle Tims 


35 




45 




55 








Address Access Time 




35 




45 




55 




tco 


Chip Select Access Time 




3 b 




45 




55 




tOE 


Output Enable to Output Valid 




20 




20 




25 




tCLZ 


Chip Selection to Output in Low-Z 


5 




5 




5 




ns 


tCHZ 


Chip Deselection to Output in High-Z 





20 





20 





20 


tOLZ 


Output Enable to Output in Low-Z 



















tOHZ 


Output Disable to Output in High-Z 





15 





15 





20 




tOH 


Output Data Hold Time 


5 




5 




5 






tPU 


Chip Selection to Power Up Time 



















tPD 


Chip Deselection to Power Down Time 




30 




30 




30 




Write Cycle 


SYMBOL 


PARAMETER 


TMM2078D-35 


TMM2078D-45 


TMM2078D-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN . 


MAX. 


twc 


Write Cycle Time 


35 




45 




55 






tew 


Chip Selection to End ot Write 


30 




40 




50 






tAS 


Address Set Up Time 



















tWP 


Write Pulse Width 


30 




35 




40 






tWR 


Write Recovery Time 

















ns 


tWLZ 


WE to Output in Low-Z 



















twHZ 


WE to Output in High-Z 





15 





15 





20 




tos 


Data Set Up Time 


15 




20 




20 






tOH 


Data Hold Time 





~~ 








— 





TEST CC 



Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 

Reference Levels 


1.5V 


Output Load 


See Fig. 1 



rfr rfr 



Fig.l Output Load 

* Note : In all condition, teHz max is less than taz min both lor a given device and from device to device. 
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• Read Cycle 1. (WE=Vih, CS=Vil) 



E OUT 





'RC 




> 


( 




( 




l ACC 




/ 


t OHZ 












/ 


> 






l OH 




^ OUTPUT DATA VALID ^ 


m 



• Read Cycle 2. (WE=Vih, OE=Vil) 



D OUT 



SUPPLY ICC - 
I SB 

CURRENT 



tRC 



'CO 



1" 



tpu 



r 



r 



OUTPUT DATA VALID 



> 



• Write Cycle 1 . 



X 



cs 



WE 



twe 



X 



W//////f 



x 



'•WHZ 



r OLZ 



D OUT 



D IN 



HIOH IMPEDANCE 



'DH 



X 



DATA IN STABLE 



X 



166 



HHHH 



■ 



TMM2078D-35, TMM2078D-45 
M2078D-55 



Write Cycle 2. 



X 



t cw 



////////////////, 



D OUT 



din 



t OHZ 



> 



HIGH IMPEDANCE 



tDS 










DATA IN 


STABLE y 



Note : 

1 . In read cycle 2 , all addresses are valid prior to or coincident with CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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Unit in mm 



22 21 20 19 18 17 16 15 14 13 12 

r|irtirjir|irtirtirt"ir|~ir|~ir|~ii1i 



4jLlJLpl4JLpLpLpL4jl4JLpl4] 

12345 6789 10 11 
2 8.9 MAX 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No. 1 and No. 22 Leads. 



Note Toshiba does not assume any responsibility tor use ot any circuitry described no circuit patent licenses are implied, and Toshiba reserves the right, at any lime 

without notice, to change said circuitry 
CAug.. 1985 Toshiba Corporation 
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DUCTS 



8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM2063P-10, TMM2063P-12 
TMM2063P-15 




The TMM2063P is a 65.536 bits high speed and 
low power static random access memory organized 
as 8. 1 92 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
1 20ns/1 50ns and maximum operating current of 
80mA. When CSi is a logical high or CS2 is a logical 
low. the device is placed in a low power standby 



mode in which maximum standby current is 10mA. 
Thus the TMM2063P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required, moreover, suitable 
for use in high density assembly as 0.3 inch width 
package is use for. The TMM2063P is fabricated 
with ion implanted N channel silicon gate MOS 
technology for high performance and high reliability. 



> Access Time and Current 



^^^^ Parameter 
Part 

Number ^*Ss^ 


Access 
Time 
(Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2063P-10 


100ns 


80mA 


10mA 


TMM2063P-12 


120ns 


80mA 


10mA 


TMM2063P-15 


150ns 


80mA 


10mA 



» High Density Assembly Capability : 0.3 
width package (28 pin plastic DIP) 



inch 



ECTION 



N.C.I i 
Aln[ 8 

A7( 3 
A6( 4 
AS[ S 

M I 6 
A3( » 
Ail 9 
All » 
Aul 10 
I/Ull n 
1/0*1 1* 
I/Oil 1^> 

undI 14 



22 



J WE 

26 J 
*S ) A8 
** I AS 
) All 
) OE 
1 

I C31 
I 1/08 
I ly 07 
I 1/06 
I 1/05 
I 1/04 



SYMBOL 


NAME 


Ao~Ad 


Column Address Inputs 


As— A12 


Row Address Inputs 


CST. CS2 


Chip Select Inputs 


WE 


Write Enable Input 


l/Oi-l/Oa. 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 





• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature : 

• Output Buffer Control : 

• Three State Outputs 

• All Inputs and Outputs 

• Inputs Protected : All 



CSi , 
OE 



CS2 



Directly TTL Compatible 
inputs have protection 



against static charge. 




TMM2063P-10, TMM2063P-12 




SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


ViN. VoUT 


Input/Output Voltage 


-0.5*~7.0 


V 


Tqpr 


Operating Temperature 


0-70 


•c 


TSTG 


Storage Temperature 


-55-150 


c 


TsOLDER 


Soldering Temperature ■ Time 


260 • 10 


'C-sec 


Po 


Power Dissipation (Ta = 70'C) 


0.8 


W 



* -3.0V at Pulse width 50ns 



D. C. RECOMMENDED OPERATING CONDITIONS (Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


0.5" 




0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 



* * - 3 . OV at Pulse width 50ns 



D. C. CHARACTERISTICS (Ta = 0-70X, Vcc = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


ViN = 0V-5.5V 


-10 




10 


*A 


Voh 


Output High Voltage 


lour=-1 OmA 


2.4 






V 


Vol 


Output Low Voltage 


lout = 2. 1 mA 






0.4 


V 


Ilo 


Output Leakage Current 


CSV=Vih or CS2 =Vil or 
WE=Vil or OE = Vih, 
Vour = OV-5.5V 


-10 




10 


#A 


ISBP 


Peak Power-on Current 


CST=Vcc. CS 2 =OV 
louT = OmA 






20 


mA 


ISB 


Standby Current 


CSi =Vih or CS 2 =Vn. 
louT=OmA 






10 


mA 


Ice 


Operating Current 


CS7=VlL. CS 2 =VlH. 

lour=OmA 






80 


mA 



(Ta = 25'C. f=1 0MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


5 


PF 


COUT 


Output Capacitance 


Vin = OV 


10 


pF 



* * * Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 



A. C. CHARACTERISTICS 

Read Cycle 



!(Ta = 0~70-C, Vcc=5V±10%) 



SYMBOL 


PARAMETER 


TMM2063P-10 


TMM2063P-12 


TMM2063P-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tnc 


Read Cycle Time 


100 


— 


120 




1 50 






tACC 


Address Access Time 




100 




j 2 Q 




1 50 




tcoi 


CSi Access Time 




100 




120 




150 




tC02 


CS2 Access Time 




100 




120 




150 




tOE 


OE Access Time 




40 




50 




60 




tOH 


Output Data Hold Time from Address Change 


10 




10 




10 




ns 


tCLZ 


CSTor CS2 to Output in Low-Z 


10 




10 




10 




tCHZ 


CSTor CS2 to Output in High-Z 




40 




40 




55 




tOLZ 


OE to Output in Low-Z 


5 




5 




5 






tOHZ 


OE to Output in High-Z 




35 




35 




50 




Tpu 


Chip Selection to Power Up Time 



















tPD 


Chip Deselecticn to Power Down Time 




50 




60 




60 





Write Cycle 



SYMBOL 


PARAMETER 


TMM2063P-10 


TMM2063P-12 


TMM2063P-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 




120 




150 






tew 


Chip Selection to End of Write 


80 




100 




120 






tAS 


Address Set Up Time 


10 




10 




10 






twp 


Write Pulse Width 


70 




85 




100 




ns 


tWR 


Write Recovery Time 



















tDS 


Data Set Up Time 


40 




50 




60 






tDH 


Data Hold Time 



















tWLZ 


WE to Output in Low-Z 


5 




5 




5 






tWHZ 


WE to Output in High-Z 




30 




35 




40 





Input Pulse Levels 


Vih = 2.2V. Vil = 0.6V 


Input Rise and Fall Time 


10ns 


Input and Output Reference Levels 


1 ,5V 


Output Load 


1 TTL Gate 81 C L =100pF 
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• READ CYCLE (1) 



csi 



OE 











/ > 

V 4 


i 

\ 




^ACC 








'///////A 
'///////? 






















mm 


ft 




W////////; 










^OE 














\\ 




/ 






« 


HI OH 


























OHKNC 


^ OOTPDT DATA VALID J 
WH 





D OUT 



WRITE CYCLE 1 (4) (WE Controlled Write) 



D OUT 



dim 











( 5 


( 
















J 


f 








W////////M 




tow 
















i 








t WHZ< 5) 




tWLzl 5 ) 




HIOH 
<V IMPEDANCE 


§■ 






l DS 


C DH 






^ ^ DATA IM STABLE 
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TMM2063P-10, TMM2063P-12 
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• WRITE CYCLE 2 (4) (CS1 Controlled Write) 



DC 



WE 



z 



CS1 



D OUT 



°in 



SUPPLY ICC - 



t w p 



tew 



tew 



tWHz' 5 ' 



% T>S 



tWK 



X 



7 



HI OH IMPEDANCE 



DATA IN STABLE 



•p~. 



• WRITE CYCLE 3 (4) (CS2 Controlled Write) 



D OUT 



Din 



— \ 


( ) 


< 


tAS 














L_ —L 


W//////////////////M 


7 










W/a 












tew 




mm 


m 


\ 


7 


W////////////////M 




tOLzO 








HIOH I UP ED AN CE 


i 


m 












1 


tDH 




i 


^DATA IN STABLE^ 


< 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 



Note : 

1 . WE is High for r-tead Cycle. 

2 . Assuming that CS i Low transition or CS2 High transition occurs coincident with or after WE Low transition . Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tcLZ, toLZ, twi_z Output Enable Time 

(B) tcHz, toHz, tWHz Output Disable Time 



csi ,0E 

WE.CS2 



t>OUT 



HIGH IMPEDANCE 



0.15V 
0.15V 



f 



"OUT C— 



s 



t -30pF £ 



HIQH IM PEDANCE 

0.15V 



T 

Fig 1 Output load condition for enable disable time measurement. 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 



t 1 "I" 1 "I" 1 T r t l 'T r t > 



jp rp rp rp rp_rp rp, 



|j lJj ill l|j l|j lJj lLi I lIj l|j Lp di l|j Li 

12 3 4 5 6 7 8 9 10 11 12 13 1* 



35.5 MAX 



7.62 ±0.25 




0-5 ±0.15 



NOTES : Each lead pitch is 2 . 54mm . All leads are located within 0. 25mm of their true longitudinal position with respect 
to No. 1 and No. 28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
QjAug., 1985 Toshiba Corporation 
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TOSHIBA MCIS MEMORY PRODUCTS 



8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM2064P-10, TMM2064P-12 
TMM2064P-15 



DESCRIPTION 

TheTMM2064Pisa 65,536 bits high speed and 
low power static random access memory organized 
as 8, 1 92 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
1 20ns/1 50ns and maximum operating current of 
80mA. When CSi is a logical high or CS2 is a logical 



low, the deivce is placed in a low power standby 
mode in which maximum standby current is 10mA. 
Thus the TMM2064P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2064P is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high perfomance and high reli- 
ability. 



FEATURES 



• Access Time and Current 



Parameter 


Access 


Operating 


Standby 


Part ^ s *>w 


Time 


Current 


Current 


Number 


(Max.) 


(Max.) 


(Max.) 


TMM2064P-10 


100ns 


80mA 


10mA 


TMM2064P-12 


120ns 


80mA 


10mA 


TMM2064P-15 


1 50ns 


80mA 


10mA 



• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature : CS1 , CS2 

• Output Buffer Control : OE 

• Three State Outputs 

• All Inputs and Outputs : Directly TTL Compatible 

• Inputs Protected : All inputs have protection 

against static charge. 
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TMM2064P-10, TMM2064P-12 
TMM2064P-15 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


Vin, Voui 


Input/Output Voltage 


-0.fa'~7.0 


V 


Topr 


Operating Temperature 


0-70 


•c 


Tsig 


Storage Temperature 


-55-150 


•c 


TSOLDEH 


Soldering Temperature ■ Time 


260 • 10 


'C-sec 


Pn 


Power Dissipation (Ta-70'C) 


1 .0 


W 



* -3.0V at Pulse width 50ns 



OPERATING CONDITIONS (Ta = 0-70 C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.5" 




0.8 


V 


Vcc 


Supply Voltage 


4,5 


5.0 


5.5 


V 



* * - 3.0V at Pulse width 50ns 




(Ta=0~70C Vcc = 5.0V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Leakage Current 


Vin = 0V~5.5V 


-10 




10 


M A 


VOH 


Output High Voltage 


lour= - 1 ,0mA 


2.4 






V 


Vol 


Output Low Voltage 


lour = 2. 1 mA 






0.4 


V 


Ilo 


Output Leakage Current 


CST=Vih or CS2 =Vil or 
WE=Vil or 0E = Vih, 
Vout = OV-5.5V 


-10 




10 


«* 


ISBP 


Peak Power-on Current 


CST=Vcc. CS 2 =0V 
louT=0mA 






20 


mA 


I SB 


Standby Current 


CS7 = Vih or CS 2 =Vil. 
louT = OmA 






10 


mA 


Ice 


Operating Current 


CST=Vil. CS 2 =Vih. 
lout = OmA 






80 


mA 




(Ta = 25'C f=1 .0 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = 0V 


5 


pF 


Coin 


Output Capacitance 


Vin = 0V 


10 


PF 



* * * Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2064P-10, TMM2064P-12 



A. C. CHA 

Read Cycle 



(Ta = 0~70 - C. Vcc=5V±10%) 



SYMBOL 


PARAMETER 


TMM2064P-10 


TMM2064P-12 


TMM2064P-1 5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRc Read Cycle Time 


100 


- 


120 


- 


150 


- 




tACC 


Address Access Time 




100 




120 




150 




tcoi 


CST Access Time 




100 




120 




150 




tC02 


CS2 Access Time 




100 




120 




150 




tOE 


OE Access Time 




40 




50 




60 




tOH 


Output Data Hold Time from Address Change 


10 




10 




10 




ns 


tCLZ 


CSi or CS2 to Output in Low-Z 


10 




10 




10 




tCHZ 


CSTor CS2 to Output in High-Z 




40 




40 




55 




tOLZ 


OE to Output in Low-Z 


5 




5 




5 






tOHZ 


OE to Output in High-Z 




35 




35 




50 




tpu 


Chip Selection to Power Up Time 



















tPO 


Chip Deselection to Power Down Time 




50 




60 




60 




Write Cycle 


SYMBOL 


PARAMETER 


TMM2064P-10 


TMM2064P-12 


TMM2064P-15 


UNIT 


MIN. 


MAX, 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 




120 




150 






tew 


Chip Selection to End of Write 


80 




100 




120 






tAS 


Address Set Up Time 


10 




10 




10 






twp 


Write Pulse Width 


70 




85 




100 




ns 


tWR 


Write Recovery Time 



















tDS 


Data Set Up Time 


40 




50 




60 






tOH 


Data Hold Time 



















tWLZ 


WE to Output in Low-Z 


5 




5 




5 






tWHZ 


WE to Output in High-Z 




30 




35 




40 





Input Pulse Levels 


Vih = 2.2V, Vil=0.6V 


Input Rise and Fall Time 


10ns 


Input and Output Reference Levels 


1 .5V 


Output Load 


1 TTL Gate & Ci= 100pF 
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TIMING WAVEFORMS 

• READ CYCLE (1) 



'foe 




UNKNOWN 



• WRITE CYCLE 1 (4) (WE Controlled Write) 
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TMM2064P-10, TMM2064P-12 
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• WRITE CYCLE 2 (4) (CS1 Controlled Write) 



ADDRESSES 



zx 



TT3T 



D OUT 



Din 



SUPPLY ICC 
CURRENT ISB 



ffl. 



t CW 



t D3 



DC 



/ 



HIOH IMPEDANCE 



^ DATA IN STABL^ ^ 



l PU 



r 



• WRITE CYCLE 3 (4) (CS2 Controlled Write) 



ADDRE3 SS3 



WE \\ 



D OUT 



\ 


< ) 




t AS 










wwwww 


\\W\W 


s ; 


'////////////////////////, 


7 








'/////. 


IK 


\ 

tew 












mm 




I 


/ 


'///////////////////////, 










HIQH IMPEDANCE 




^ — 







IN STABLE 




TMM2064P-10, TMM2064P-12 



Note^ 

1 . WE is High for Read Cycle. 

2 . Assuming that CSi Low transition or CS2 High transition occurs coincident with or after WE Low transition , Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tciz, toLz, twLZ Output Enable Time 

(B) tCH2, tOHZ, twHZ Output Disable Time 



J 



HIGH IMPEDANCE 



1 —4-0,1 &v 
"j 7 m S V 



X HIQ 

,5^ 



0.15V 

H IMfEDAMCE 



'out o -j- 



Fig, 1 Output load condition for enable disable time measurement. 
OUTLINE DRAWINGS 

'Unit: 



28 27 26 25 24 23 22 



4 



u u u u 

1 2 3 4 



5 6 7 8 9 



21 20 19 18 17 16 15 



10 11 




1 5.24 T YP. 



NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No. 28 leads. 



Note ; Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any lime 

without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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16KBit CMOS STATIC RAM COMPARISON TABLE 



PIN CONFIGURATION 



OPERATION MODE 






Device Number 


TC5516AP 


TC5517AP 
TC5517BP 


TC5518BP 


'^\~--^Pin No 


18 


20 


21 


1~8, 22 
23, 19 


9-11 
13-17 


Power 


18 


20 


21 


1-8, 22 
23, 19 


9-1 
13-17 


Power 


18 


20 


21 


1-8, 22 
23, 19 


9-11 
13-17 


Power 


Mode /\Na™ 




CE, 


R/W 


Ao~A 10 


I/O,., 


CE 


OE 


R/W 


A -A,„ 




CE 2 


CE, 


R/W 


Ao~A 10 


I/O,., 


WRITE 


L 


L 


L 


Valid 


Din 


Iddo 


L 




L 


Valid 


Din 


Iddo 


L 


L 


L 


Valid 


Din 


Iddo 


READ 


I 


L 


H 


Valid 


Dout 


Iddo 


L 


L 


H 


Valid 


Dout 


Iddo 


L 


L 


H 


Valid 


Dout 


Iddo 


STANDBY 1 


. L 


H 






High Z 


IdDO 






\ 










H 






High-Z 


Idds 


STANDBY 2 


H 


• 






High-Z ■ 


Idds 


H 








High-Z 


'dds 


H 








High-Z 


Idds 


OUTPUT 
DESELECT 


\ 


\ 


\ 


\ 






L 


H 






High-Z 


boo 






\ 









3 

w 
z 



Hon 



DATA RETENTION CHARACTERISTICS (Ta = -30~85°) 



SYMBOL 


PARAMETER 


CONDITIONS 


Min. 


Max. 


UNIT 


V D R 


Data Retention Voltage 


OV S CE S 0.2V 
or 

V D D-0.2VS CE S Vdd* 131 


2.0 


5.5 


V 


•dds 


Data Retention Current 




Note (11 


MA 


tCDR 


Chip Deselection to 
Data Retention Time 











tR 


Recovery Time 




t RC Note(2l 




MS 



Note (1) : Refer to Idds specification in individual data sheet. 
(2) : Read cycle time. 



TIMING CHART 



DATA RETENTION MODE 




Not. 13] : For 16K Bit CMOS RAM, V DD -0.5V < CE i V DD 
Details are spacified in TC5516/17/18 data sheets. 
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TOSHIBA MOS MEMORY PRODUCTS 

1,024 WORD X 4 BIT CMOS STATIC RAM TC5513AP-20 

SUCONGATHCMOS TC551 3APL"20 




The TC5513AP is a 4,096-bit high speed static 
random access memory organized as 1 ,024 words 
by 4 bits and operates form a single 5-volt supply. 

The TC5513AP is a fully CMOS RAM and is 
therefore suited for use in low power applications 
where battery operation and/or battery back up for 



nonvolatility are required. The TC551 3AP is guaran- 
teed for data retention at power supply voltages as 2 . 
volt. All inputs and outputs are TTL compatible. 

The TC55 1 3AP is packed in standard 1 8 pin dual- 
in-line plastic 0.3 inch width. 



FEATURES 



• Low Power Dissipation 

27.5m W/MHz (MAX.) : Operating 

• Standby Current 

0.2/iA (MAX.) at Ta= 25°C 



1.0juA (MAX.) at Ta = 60° C I 
20 fiA (MAX.) 

• Fast Access Ti me 

t A cc : 200ns (MAX.) 

• Single 5V Power Supply 



TC5513APL-20 
TC5513AP-20 



• Data Retention Supply Voltage 

2V to 5.5V 

• Fully Static Operation 

• On-chip Address Transition Detector 

• Three State Outputs 

• Inputs and outputs Directly TTL compatible 

• Package 

Plastic DIP: TC5513AP-20/APL-20 




t 
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TC5513AP-20 
TC5513APL-20 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V,N 


Input Voltage 


-0.3-7.0 


V 


v,/o 


I/O Voltage 


-0.3 ~ V DD +0.5 


V 


PD 


Power Dissipation (Ta = 85°C) 


!,!)0 


mW 


T SOLDER 


Soldering Temperature ■ Time 


260 • 10 


°C • sec 


T STG 


Storage Temperature 


-55 ~ 150 


°C 


T OPR 


Operating Temperature 


-30 ~ 85 


°c 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


T r-p 


MAX, 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V, H 


Input High Level Voltage 


2.2 




Vqd + 0.3 


V 


V| L 


Input Low Level Voltage 


-0.3 




0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



D C. CHARACTERISTICS (Vdd=5V ± 1 0%. Ta= -30 ~ 85 C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 1 " 


MAX. | UNIT 


l|L 


Input Leakage Current 


0V^V IN gV D D 






±1.0 


pA 


I to 


Output Leakage Current 


CE = V| H ,OV^V I/0 ^V DD 






±1.0 


liA 


'oh 


Output High Current 


V H - 2.4V 


-1.0 






mA 


lOL 


Output Low Current 


V 0L = 0.4V 


2.0 






mA 


'dds 


Standby Current 


V DD = 2V~5.5V 
CE ^ Vdd -0.2V 


TC5513APL-20 


1,i = 25°C 






0.2 


pA 


Ta-60°C 






1.0 


MA 


TC5513AP-20 




0.05 


20 


AlA 


'ddoi 


Operating Current 


'cycle - IMS. Iout = 0mA 




5.0 


9.0 


mA 


'DD02 


1cyde=lMS.V IH =V DD ,V IL = 0V. 
•out = 0mA 




3.0 


5.0 


mA 



Note (1):V DD =5V, Ta=25°C 



CAPACITANCE (Ta = 25°C. f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 




Input Capacitance 


V, N = OV 




4 


8 


pF 


C l/0 


Input/Output Capacitance 


V|/o = OV 




5 


10 


pF 



Note (21: This parameter is periodically sampled and is not 100% tested. 
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TC551 3AP-20 
TC5513APL-20 



A.C. CHARACTERISTICS (V DD = 5V ± 10%. Ta = -30 ~ 85°C) 
• READ CYCLE 



SYMBOL 


PARAMETER 


TC5513AP-20/APL-20 


UNIT 


MIN. 


MAX. 


'RC 


Read Cycle Time 


200 




ns 


'acc 


Access Time 




200 


ns 


'CO 


CE Access Time 




200 


ns 


'OH 


Output Data Hold Time 


15 




ns 


'DIS 


Output Disable Time 




60 


ns 


'COE 


Output Enable Time 


5 




ns 


• WRITE CYCLE 


SYMBOL 


PARAMETER 


TC5513AP-20/APL-20 


UNIT 


MIN. 


MAX. 


'we 


Write Cycle Time 


200 




ns 


'aw 


Address Setup Time 







ns 


'wp 


Write Pulse Width 


120 




ns 


<ds 


Data Setup Time 


120 




ns 


'dh 


Data Hold Time 







ns 


'wr 


Write Recovery Time 







ns 



A.C. TEST CONDITIONS 

• Output Load : 100pF + 1 TTL Gate 

• Input Pulse Levels : 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 
Output : 0.8V, 2.2V 

• Input Pulse Rise and Fall Times : 10ns 



-187- 




Notes: (1) R/W is high for a Read Cycle. 

(2) If the CE^ low transition occurs simultaneously with the R/W low transition, the output buffers remain in high impedance state. 
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TC5513AP-20 




• PLASTIC PACKAGE 

Unit: In mm 

18 17 16 15 14 13 12 11 10 




123456789 



4 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 1 8 leads. 
All dimensions are in millimeters. 



Note: 

E Aug.. 



Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to chanoe said circuitry. 
1985 Toshiba Corporation 
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1 ,024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5514AP-2/-3 
TC5514APL-2/-3 



DESCRIPTION 

TheTC5514AP is a 4,096 bit high speed and low 
power random access memory organized as 1 ,024 
words by 4 bits using CMOS technology, and oper- 
ates from a single 5-volt supply. 

The 551 4AP is compatible with the industry 
produced NMOS 2114 type 4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents. 

TheTC5514AP is a fully CMOS RAM, therefore it 
is suited for use in low power applications where 



battery operation and battery back up for nonvolatihty 
are required. Furthermore the TC5514APL guaran- 
teed a standby current equal to or less than VA at 
60'C ambient temperature is available. 

The TC5514AP is guaranteed for data retention at 
a power supply as low as 2 volts. The TC5514AP is 
directly TTL compatible in all inputs and outputs. 

551 4AP is offered in standerd 18 pin 



TC5514APL 



Standby Current 
0.2mA (Max.) at Ta=25°C 
1.0uA (Max.) at Ta=60°C 
20/jA (Max.) : TC5514AP 

Low Power Dissipation : 15mW (Typ.) operating 
Single 5-volt Supply : 5V±10% 
Data Retention Supply Voltage : 2 ~ 5.5V 
Three State Outputs 

All Inputs and Outputs : Directly TTL Compatible 



Access Time 

200ns (Max.): TC5514 AP/APL-2 

300ns (Max.) : TC5514 AP/APL-3 

Fully Static Operation 

On-chip Address Transition Detector 

Fully Compatible with TMM21 MAP Family 

(Nch 2114 type 4KRAM) 

Package 

Plastic DIP : TC5514AP/APL 



PIN CONNECTION 



BLOCK DIAGRAM 



A 6 [ 1 
A S [ 2 
A„[ 3 
A 3 [ 4 
A„[ 5 
A,[ 6 
A 2 [ 7 

ceL a 

GND[ 9 



s]v DO 

17 JA, 
16 ]A„ 
15 ]A, 
14 JData I/O, 
1 3 D Data l/Oj 
12 UData I/O3 
11 ] Data I/O, 
10 DHAV 



Ao ~A, 


Address Inputs 


R/W 


Read Write Control Input 


CE 


Chip Enable Input 


Data I/O, ~ 4 


Data Input/Output 


V DD /GND 


Power Supply Terminals 
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TC5514AP-2/-3 




MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


Vin 


Input Voltage 


-0.3 ~ 7.0 


V 


*w 


I/O Voltage 


0~V DD 


V 


Pd 


Power DissipationfTa " 85°C) 


550 


mW 


T SOLDER 


Soldering Temperature • Time 


260 10 


°C ■ sec 


T STG 


Storage Temperature 


-55-150 


°C 


T OPR 


Operating Temperature 


-30-85 


°c 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


v D d 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


v, H 


Input High Level Voltage 


2.2 




V DD + 0.3 


V 


V,L 


Input Low Level Voltage 


-0.3 




0.8 


V 


V D H 


Data Retention Voltage 


2.0 




5.5 


V 




(V d d = 5V ± 10%, Ta = -30 ~ 85°C unless otherwise noted.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP (1) 


MAX. 


UNIT 


IlL 


Input Leakage Current 


0V^V| N ^V DD 






±10 


HA 


Ilo 


Output Leakage Current 


CE=V| H .0V^ V| /0 ^V DD 






+ 1.0 


,/A 


'oh 


Output High Current 


Vqh - 2 4V 


-1.0 






mA 


lOL 


Output Low Current 


V 0L = 0.4V 






2.0 






mA 






V DD ■ 2V - 5.5V 

All Inputs = 

0.2V or V DD -0.2V 


TC5514APL 


Ta = 25°C 






0.2 


*<A 


'dds 


Standby Current 




Ta = 60° C 






1.0 


MA 


TC5514AP 




0.05 


20 


/i A 


'ddoi 


Operating Current 


tcycle = 'Ms. buT =0mA 




5.0 


9.0 


mA 


'DD02 


tcycle " 1/*s. V| H - V DD . V| L = 0V. I out = 0mA 




3.0 


5.0 



Note (1): V DD = 5V. Ta = 25°C 



CAPACITANCE'^ (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 




Input Capacitance 


V IN =0V 




4 


8 


PF 


c l/0 


Input/Output Capacitance 


v, /0 =ov 




5 


10 


pF 



Note (2): This parameter is periodically sampled and is not 100% tested. 



-192- 



TC5514AP-2/-3 




A.C. CHARACTERISTICS (V DD = 5V ± 10%. Ta = -30 ~ 85°C) 
• READ CYCLE 



SYMBOL 


PARAMETER 


TC5514AP-2/APL-2 


TC5514AP-3/APL-3 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


IRC 


Read Cycle Time 


200 




300 




ns 


t^cc Access Time 




200 




300 


ns 


<co 


CE Access Time 




70 




100 


ns 


'OH 


Output Data Hold Time 


15 




20 




ns 


'DIS 


Output Disable Time 




60 




80 


ns 


'COE 


Output Enable Time 


5 




5 




ns 



• WRITE CYCLE 



SYMBOL 


PARAMETER 


TC5514AP2/APL-2 


TC5514AP-3/APL-3 


UNIT 


MIN 


MAX 


MIN. 


MAX. 


T WC 


Write Cycle Time 


200 




300 




ns 


>AW 


Address Setup Time 








150 




ns 


'WP 


Write Pulse Width 


120 






ns 


'DS 


Data Setup Time 


120 




150 




ns 


<DH 


Data Hold Time 












ns 


tWR 


Write Recovery Time 












ns 




• Output Load 100 pF + 1 TTL Gate 

• Input Pulse Levels : 0.6V, 2.4V 

• Timing Measurement Reference Levels 

Input 0.8V, 2.2V 

Output 0.8V, 2.2V 

• Input Pulse Rise and Fall Times 10 ns 
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TC5514AP-2/-3 



! WAVEFORMS 

• Read Cycle' " 

ADDRESS V 



°OUT 




z: — :::: 



• Write Cycle 1 (R/W Controlled) 







VlH 1 




STABLE 


V|L , 





3C 



• Write Cycle 2 (CE Controlled) 



V| H 
V|L 



V| H 



^M^m 



\f V IH »IhV 

X-vIl STABLE V|lJ ( 



°OUT 



Notes: (1) R/W is_h_igh for a Read Cycle. 

12) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state. 
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TC5514AP-2/-3 



'ACC vs - »DD 









T. - 25°C 
C L - 100pF 































































3 4 !5 6 



V DD (V) 



t co1 VS. V DD 



120 
80 

n 
z 

o 

o 

40 









Ta ■ 25°C 
C L = lOOpF 
































































3 4 





V OD (V) 




TC5514AP-2/-3 
TC5514APL-2/-3 



Innn VS. V D 









Ta = 25°C 
'cycle" 1»S 
























V, N - 2.2V. 0.8V 

I I I \ 






V|N = V DD -0.2V, 0.2V 





































V DD • 5.5V 
'cycle" IMS 












2.2V. 


I I 

8V 




















V|N" 


5.3V, 0.2V 























4 

Vqq (V) 



T, |»C] 



'DOO vs 'cycle 



l D DS VS. Vqq 









V D D= 5.5V 

Ta - 25°C 

V !N = 2.2V, 0.8V 



































































•cycle (I") 




V dd (VI 



'oh vs. v oh 









Vqq - 5.5V 
CE « 5.5V 





































































Vqq - 4.5V 
To - 25°C 

































































4.0 

V OH IV) 
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lOL VS. v OL 











V DD - 4.5V 
Ta = 25°C 



































































0.5 1.0 1.5 

v OL m 



>DDS VS. Ta 













Vp D = 5.5V 
CE = 5.5V 













































































































































































-40 40 80 

T8 CO 
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TC5514AP-2/-3 



• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 




Unit in mm 



123456789 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 1 8 leads. 
All dimensions are in millimeters. 



Notes; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
©Aug.. 1985 Toshiba Corporation 
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2,048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



The TC551 6AP/AF is a 16384-bit static random 
access memory organized as 2048 words by 8 bit 
using CMOS technology, ad operates from a single 5 
volt supply. 

The TC55 1 6AP/AF is featured by two chip enable 
inputs, that is, CE, for fast memory access and CE 2 
for a minimum standby current mode, and is suited 
for low power application where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC551 6APL/AFL guaranteed a 



Standby Current 

0.2mA (Max.) at Ta = 25°Cj 

1.0(i A (Max.) at Ta = 60°C I 

1.0MA(Max.)atTa = 25°Cj 

5.0/u A (Max.) at Ta = 60°C ] 
Low Power Dissipation : 200mW (Typ.) 

Operating 

Single 5V Power Supply : IV ± 1 0% 

Data Retention Supply Voltage: 2.0 ~ 5.5V 

Fully Static Operation 



a 7 c 1 

*6C 2 

AsC 3 

AlC 4 

A 3 C 5 

A 2 [Z 6 

AjC 7 

AoC a 

1/OiC 9 

i/o 2 C 10 

I/O3C 11 
GNDC 1 2 



21 3V DD 
23 3A, 

22 D A 9 
21 J R/W 
20 3 CE 1 
19 3 A l0 
18 □ CE 2 
17 □ I/O, 
16 J I/O7 
15 D l/Os 
14 □ l/O s 
13 31/04 



A ~ A10 


Address Inputs 


R/W 


Read/Write Control Input 


CE,,CE 2 


Chip Enable Inputs 


I/O, ~ I/O, 


Data Input/Output 


Vpo 


Power (+5V) 


GND 


Ground 




TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 



standby current equal to or less than 1/iA at 60*C 
ambient temperature is avialable. 

The TC551 6AP is also featured by pin compatibil- 
ity with 2716 type EPROM. This means that the 
TC5516AP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM obtained as a result 
allows the wide application in microcomputer sys- 
tem. 



• Access Time 

250ns (Max.): TC551 6AP/APL/AF/AFL 
200ns (Max.): TC551 6AP-2/APL-2/AF-2/AFL-2 

• Two Chip Enable (CEi , CE~2 ) for Simple Memory 

Expansion and Battery Back Up. 

• All Inputs and Outputs Directly TTL Compat- 

ible 

• Three State Outputs 

• Package 

Plastic DIP : TC5516AP/APL 
Plastic FP : TC5516AF/AFL 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2. TC5516AFL/-2 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


Vin 


Input Voltage 


-0.3V ~ V 0D + 0.3 


V|/D 


Input/Output Voltage 


-0.3V ~ Vqq + 0.3 


P D 


Power Dissipation (Ta = 85°C) 


0.8W (0.45W)' 


T STG 


Storage Temperature 


-55°C ~ 1 50°C 


T OPR 


Operating Temperature 


-30°C ~ 85°C 


TsOLDER 


Soldering Temperature ■ Time 


260°C- 10 sec 



•Plastic FP 



RECOMMENDED D C. OPERATING CONDITIONS (Ta = -30 - 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V|H 


Input High Voltage 


2.2 




v DD + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 


v DH 


Data Retention Voltage 


2.0 




5.5 


V 



D.C. CHARACTERISTICS (Ta= -30- 85 C. Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


S V| N ^ V DD 






±1.0" 


ftA 


Ilo 


I/O Leakage Current 


CE, - V| H . OV g V, /0 g Vdd 






±5.0 


U A 


lOH 


Output High Current 


V 0H - 2.4V 


-1.0 


-2.0 




mA 


lot 


Output Low Current 


V 0L = 0.4 V 


2.0 


3.0 




mA 


taosi 


Standby Current 


CE , = 2.2V 




1.0 


3.0 


mA 


bDS2 


CE 2 = V DD -0.5V 
Vdd =2- 5.5V 


TC5516APL/ 
AFL 


Ta = 25°C 




0.005 


0.2 


UiA 


Ta - 60°C 






1.0 


TC5516AP/ 
AF 


Ta - 25°C 




0.05 


1.0 


Ta = 60°C 






5.0 


Ta • 85°C 






30 


Iddoi 


Operating Current 


CE 2 = OV. V| N = V| H /V| L _ I UT = 0mA 




40 


70 


mA 


'dD02 


CE 2 - OV. V| N = Vdd/GND, Iqut = 0mA 




30 


55 



Note: Typical values are at Ta * 25°C. V D d = 5V. 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 




5 


10 


pF 


C l/D 


Input/Output Capacitance 




5 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC551I 



A.C. CHAR>s 
• Read Cycle 



SYMBOL 


PARAMETER 


TC5516AP-2/APL-2 
TC5516AF-2/AFL-2 


TC5516AP/APL 
TC5516AF/AFL 


UNIT 






MIN. 


MAX. 


MIN. 


MAX. 




•rc 


Read Cycle Time 


200 




250 




ns 


<ACC 


Access Time 




200 




250 


ns 


tcoi 


CE, to Output Valid 




100 




1 00 


ns 


l C02 


CE 2 to Output Valid 




200 




250 


ns 


tCOE 


CE", or CT= 2 to Output Active 


10 




10 




ns 


too 


Output High-Z form Deselection 




80 




80 


ns 




Output Hold from Address Change 


10 




10 




ns 


• Write Cycle 


SYMBOL 


PARAMETER 


TC5516AP-2/APL-2 
TC5516AF-2/AFL-2 


TC5516AP/APL 
TC5516AF/AFL 


UNIT 






M I N 


MAX. 


MIN. 


MAX. 




'wc 


Write Cycle Time 


200 




250 




ns 


t w p 


Write Pulse Width 


160 




200 




ns 


'AW 


Addresss Set^Jp Time 












ns 


%R 


Write Recovery Time 


10 




10 




ns 


tODW 


Output High-Z from R/W 




80 




80 


ns 


lOEW 


Output Active from R/W 


10 




10 




ns 


t DS 


Data Set Up Time 


80 




1 20 




ns 


*DH 


Data Hold Time 







. 




ns 



A.C. TEST CONDITIONS 

Output Load 
Input Pulse Levels 

Timing Measurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 
TIMING WAVE FORMS 
• Read Cycle 



100 pF + ITTL Gate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 



XV| H 
2k 



vrrp^z-viH 

V|L,A_V|L 



'ACC 



V|H 



V H 

Vol 



OUTPUT V OH " 
DATA VALID V OL 



A 



(A 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 



• Write Cycle 1 




DATA IN STABLE 



• Write Cycle 2 




TC5516AP/-2, TC5516APL/-2 




NOTE: (1) R/W is high for a Read Cycle. 

(2) twp is specified as the logical "AND'^_of CEj_, CE2 and R/W. 

twP is measured from the latter of CE1 , CE2 or R/W going low to the earlier of CEi , CE2 or R/W 
going high. 

(3) tQH. tDS are measured from the earlier of CEi , CE2 or R/W going high. 

(4] If the CE 1 , or CE2 low transition occurs simultaneously with or latter from the R/W low transition 
in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(5) If the CEi or CE2 high transition occurs prior to or simultaneously with the R/W high transition 
in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEi or 
CE2 low transition, the output buffers remain in a high impedance state in this period. 

(7) A write occurs during the overlap of a low CEi , low CE2 and low R/W. In write cycle 2, write is 
controlled by either CEi orCE2. 




SYMBOL 


PARAMETER 


MIN. | TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


2.0 




5.5 


V 


I0DS2 


Standby Current 


TC551 6APL/ 
AFL 


Ta = 25°C 




0005 


0.2 


MA 


Ta ■> 60°C 






1.0 


TC5516AP/ 
AF 


Ta = 25°C 




0.05 


1.0 


Ta = 60° C 






5.0 


Ta - 85°C 






30 


'COR 


From Chip Deselection to Data Retention Mode 









M s 


tR 


Recover Time 


tRcd) 






MS 



Note (1) t RC : Read Cycle Time. 




GND- 

Note: (2) If the V m level of CE 2 is 2.2V, during the period that the V DD voltage is going down from 4.5V to 2.7V, l SSD1 current flows. 
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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TC5516AP/-2, TC5516APL/-2 



TYPICAL CHARACTERISTICS 



t ACC vs. V DD 













Ta - 25°C 
CL - 100pF 











































































































<C01 V DD 













Ti - 25°C 
C L " lOOpF 
































































































1 




















v DD (V) 



'ACC 'COI «* Ta 



At ACC vs - CL 



U 1.2 













V DD -4.5V 
C L = 100PF 



































tc 


















tACC 

































































V DD -4.5V 
T. • 25°C 













































































































300 
C L (pF) 



V| H . V| L vs. V DD 



V|H. V IL»«- T " 














V|H- V DD = 5.5V 
V IL, V DD = 4.5V 


























v 


H 














































v 


L 







































V DD (V) 
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TC5516AP/-2, TC5516APL/-2 




Iddo vs - v dd 



Iddo vs - Tb 













CE 2 = OV 
Ta - 25°C 



























































































































40 













V DO - 5.5V 
CE 2 » OV 














































































































V DD (V) 



Ta l°C) 



'DDO vs ' t cvcle 



l DDS1 vs. V DD 













Vqq - 5.5V 
Ta - 25°S 

































































































t cycla (us) 



'ddsi vs - Ta 




GO 

3-0 



a 0.5 

0.3 













Ta - 25 °C 
CE 2 - 2.2V 
other inputs 
- O B ~ 2.2V 










































































t 7 a 



V DD (V) 
l DDS2 vs. V DD 













Ta - 25°C 

CE 2 - Vqq -0.5V 













































































































V DD (V) 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 



'DDS1 vs - v IN 1CE 2 ) 














V DD = 5.5V 
other inputs 
= 0.8 —2.2V 
Ta * 25°C 








































































































!DDS2 V IN < CE 2> 



3.0 

V, N (CE 2 ) (V) 













V DD = 5.5V 
other inputs 
= 0.8 —2.2V 
Ta = 25°C 



























































4.0 5.0 
V, N (CE,1 (V) 



' DDS2 vs - Ta 



500 
300 

100 

50 
30 

< 

£ 10 

CM 

in 
Q 

° 5 
3 

1 

0.5 












V DD - 5.5V 
CE 2 = 5.0V 














































































































































0.3 



















0.1 



















-40 40 80 

T» (°C> 



l OH vs. V OH 













V DD " «•» 
T. - 25°C 















































































































up 1 I I 1 ■ — — 

1 2.0 3.0 4.0 



"OH (V) 

Iql"s- v ol 




o I I J 1 1 1 L_ 

0.4 0.8 1.2 



v l (v) 



-206- 



TC5516AP/-2, TC5516APL/-2 
5516AF/-2, 




OUTLINE DRAWINGS 



• Plastic DIP 



24 232221 2019 18 17 1615 14 13 

nnnnnnnnnnn n 



uuu 



_uuuuuuuuu 

1 2 3 4 5 6 7 8 9 1011 12 




Note : Each lead pitch is 2.54mm . All leads are located within0.25mm of their true longitudinal position with respect to 
No. 1 and No. 24 leads. 
All dimensions are in millimeters. 



-207- 



TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 



• Plastic FP 















24 23 22 21 20 19 18 

L 

\^ R0.64 
1 2 3 4 5 6 7 


17 16 15 14 13 
8 9 10 11 12 


8.8 +0.2 
11.8 ±0.3 
















0.43 + 0.05 

16.5 MA> 


1.27+0.1 

H ™T 


*» 1.27 



0.15 + 0.05 



Note : Each lead pitch is 1 27mm. All leads are located within 1mm of their true longitudinal position with respect 
to No.1 and No. 24 leads. 
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TC5516AP/-2, TC5516APL/-2 



PACKAGE INFORMATION FOR FLAT PACKAGE 



This new flat package is a very small and thin compared with conventional 
Differences are as follows. 

1 . Difference in dimension between flat and 
standard package. 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


2.1 


5 



3. Advantage of this package 

• Small dimensions 

• Capability of High Density Assembly 

• Capability of thin Assembly — Capability of Assembly on both side of PC board. 




4. PC pattern layout example 
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TC551I6AP/-2, TC5516APL/-2 




Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Aug.. 196 Toshiba Corporation 



2,048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC551 7AP/-2, TC551 7APL/-2 
TC5517AF/-2, TC5517AFL/-2 



DESCRIPTION 

The TC551 7AP/AF in a 1 6384-bit static random 
access memory organized as 2048 words by 8 bits 
using CMOS technology, and operates from a single 
5 volt supply. 

The TC551 7AP/AF is featured by output enable 
and chip enable inputs, that is, OE for fast memory 
access and CE for a minimum standby current mode, 
and is suited for low power application where battery 
operation or battery back up for novolatility are 
required. Furthermore the TC551 7APL guaranteed a 

FEATURES 

• Standby Current 

0.2/jA (Max.) at Ta = 25°C 
1.0(jA (Max.) at Ta = 60°C 
1.0mA (Max.) at Ta = 25°C 
5.0fjA(Max.)atTa = 60°C J 

• Low Power Dissipation : 200mW (Typ.) 

operating 

• Single 5V Power Supply : 5V±10% 

• Data Retention Supply Voltage: 2.0 ~ 5.5V 

• Fully Static Operation 



PIN CONNECTION 



TC551 7APL/AFL 
TC5517AP/AF 




PIN NAMES 



Ao ~ A 10 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


I/O, ~ l/0 8 


Data Input/Output 


Vdo 


Power (+5V) 


GND 


Ground 



standby current equal to or less than 1 at 60"C 
ambient temperature is available. 

The TC551 7AP is also featured by pin compatibil- 
ity with 2716 type EPROM. This means that the 
TC5517AP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM obtained as a result 
allows the wide application in microcomputer sys- 
tem. 



• Access Time 

250ns (Max.) : TC551 7AP/APL/AF/AFL 
200ns (Max.) : TC551 7AP-2/APL-2/AF-2/ 
AFL-2 

• Two Control Input (CE, OE) 

• Pin Compatible with Nch Static RAM TMM2016P 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC5517AP/APL 
Plastic FP : TC551 7AF/AF L 

BLOCK DIAGRAM 
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TC551 7AP/-2, TC551 7APL/-2 




ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


v IN 


Input Voltage 


-0.3V ~ V D D+0.3V 


Vuo 


Input/Output Voltage 


-0.3V ~ V DD +0.3V 


PD 


Power Dissipation (Ta - 85°C) 


0.8W (0.45WI* 


T STG 


Storage Temperature 


-55°C~ 150°C 


T OPR 


Operating Temperature 


-30°C~85°C 


TSOLDER 


Soldering Temperature * Time 


260° C • 10 sec. 



•Plastic FP 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,H 


Input High Voltage 


2.2 




Vdd+03 


V 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



D C. CHARACTERISTIC 



=5Vr10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX 


UNIT 


l(L 


Input Leakage Current 


o^v, N iv DD 






+ 1.0 


ftA 


Ilo 


I/O Leakage Current 


CE = V| H .0V<V| /o <Vdd 






±5.0 


HA 


'oh 


Output High Current 


V h = 2.4V 


-1.0 


-2.0 




mA 


lOL 


Output Low Current 


V 0L = 0.4V 


2.0 


3.0 




mA 


'ddsi 


Standby Current 


CE = 2.2V 




1.0 


3.0 


mA 


!dDS2 


CE = V DD - 0.5V 
V DD = 2 ~ 5.5V 


TC5517APL/ 
AFL 


Ta = 25°C 




005 


0.2 


MA 


Ta = 60° C 






1.0 


TC5517AP/ 
AF 


Ta -■ 25°C 




0.05 


1.0 


Ta= 60° C 






5.0 


Ta = 85°C 






30 


'ddoi 


Operating Current 


CE = 0V, V, N = V IH /V IL , l 0UT = 0mA 




40 


70 


mA 


!dD02 


CE = 0V, V| N = V DD /GND. Iqut = 0mA 




30 


55 



Note : Typical values are at Ta = 25 C, V D d - 5V. 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 




5 


10 


pF 


C|/o 


Input/Output Capacitance 




5 


10 


pF 



Note : This parameters periodically sampled and is not 100% tested. 
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TC5517AP/-2, TC5517APL/-2 



• R ead Cycle 



SYMBOL 


PARAMETER 


TC5517AP-2/APL-2 
TC5517AF-2/AFL-2 


TC5517AP/APL 
TC5517AF/AFL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


'RC 


Read Cycle Time 


200 




250 




ns 


'ACC 


Access Time 




200 




250 


ns 


«OE 


OE to Output Valid 




100 




100 


ns 


'CO 


CE to Output Valid 




200 




250 


ns 


'COE 


OE or CE to Output Active 


10 




10 




ns 


<OD 


Output High-Z from Deselection 




80 




80 


ns 


»OH 


Output Hold from Address Change 


10 




10 




ns 


• Write Cycle 


SYMBOL 


PARAMETER 


TC5517AP2/APL-2 
TC5517AF-2/AFL-2 


TC5517AP/APL 
TC5517AF/AFL 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


200 




250 




ns 


twp 


Write Pulse Width 


160 




200 




ns 


l AW 


Address Set Up Time 












ns 


t\MR 


Write Recovery Time 


10 




10 




ns 


l ODW 


Output High-Z from R/W 




80 




80 


ns 


'OEW 


Output Active from R/W 


10 




10 




ns 


>DS 


Data Set Up Time 


80 




120 




ns 


>DH 


Data Hold Time 












ns 



A.C. TEST CONDITIONS 

Output Load : 100pF + 1TTL Gate 

Input Pulse Levels : 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V and 2.2V 

Output : 0.8V and 2.2V 

Input Pulse Rise and Fall Times 



TIMING WAVE FORMS 

• Read Cycled) 

Addi 
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NOTE: (1 ) R/W is high for a Read Cycle. 

(2) OE = V,h or V| L . If DC = V| H during write cycle, the output buffers remain in a high impedance 
state. 

(3) t WP is specified as the logical "AND" of CE and RAW. 

t W p is measured from the latter of CE of R/W going low to the earlier of CE or R/W going high. 

(4) t DH , t DS are measured from the earlier of CE of R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 
Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the RAW high transition in a Write 
Cycle 1 , the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the RAW low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 



DATA RETENTION CHARACTERISTICS (Ta = -30 - 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


2.0 




5.5 


V 


'DDS2 


Standby Current 


TC5517APL/ 
AFL 


Ta = 25° C 




005 


0.2 


M 


Ta = 60° C 






1.0 


TC5517AP/ 
AF 


Ta = 2B'C 




05 


1.0 


Ta = 60° C 






5.0 


Ta = 85°C 






30 


'CDR 


From Chip Deselection to Data Retention Mode 











tR 


Recovery Time 


tRci'i 









Note (1) t RC : Read Cycle Time 



DATA RETENTION MODE 




Note (2) if the V m level of CE is 2.2V, during the period that the V DD voltage is going down from 4.5V to 2.7V, l DDS -| current flows. 




• Plastic DIP 



24 23 22 21 20 19 18 17 1615 14 13 

,.r-innnnnnnnnnn, 



R1.5 




LJUUUUUUUUUUU 

1 2 345 67 89 10 11 12 




Note : Each lead pitch is 2 .54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No. 24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 




Note : Each lead pitch is 1 .27mm. All leads are located within 0. 1 mm of their true longitudinal 
No. 1 and No. 24 leads. 



position with respect to 
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TC5517AP/-2, TC5517APL/-2 
TC5517AF/-2, TC5517AFL/-2 



PACKAGE INFORMATION FOR FLATPACKAGE 

This new flat package is a very small and thin com- 
pared with conventional standard dual-in-line package. 
Differences are as follows. 

1 . Difference in dimension between fiat and standard 2. Comparison in occupied space 

package. 



Unit: mm 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


2.1 


5 



FP 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly Capability of Assembly on both side of PC board. 




Note: Toshiba £ tos not assume any responsibility tor use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Aug . 1985 Toshiba Corporation 
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2,048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC551 7BP-20/BPL-20/BP-25/BPL-25 
TC551 7BF -20/BFL -20/BF -25/BFL -25 



OPTION 

The TC551 7BP/BF is a 1 6384-bit high speed and 
low power fully static random access memory orga- 
nized as 2048 words by 8 bits using CMOS tech- 
nology, and operates from a single 5 volt supply. 

The TC55 1 7BP/BF has a output enable input (OE) 
for fast memory access and output control and chip 
enable input (CE) which is used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. 

Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 



Thus the TC551 7BP/BF is most suitable for use in 
low power applications where battery operations or 
battery back up for nonvolatility are required. 
Furthermore the TC551 7BPL/BFL guaranteed a 
standby current equal to or less than 1 //A at 60*C 
ambient temperature available. 

And the TC5517BP is pin compatible with 2716 
type EPROM. This means that the TC5517BP and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide application in 
microcomputer system 



Low Power Dissipation 

27.5mW/MHz (Max.) Operating 
Standby. Current 

0.2M(Max.)at Ta = 2roC ]TC551 7BPL-20/BPL-25/ 
1 OuA (Max.) at Ta = 60°C J BFL-20/BFL-25 
1.0/*A(Max.)at ta=25"C 1TC5517BP-20/BP-25 
5.0/*A(Max.) at Ta=60°C JBF-20/BF-25 
Single 5V Power Supply : 5V±10% 
Data Retention Supply Voltage 2.0 ~ 5.5V 
Fully Static Operation 



ION 



(TOP VIEW) 



«7C 1 
«t[! 
A s C 3 

«<[ < 

A 3 L E 

A a C 6 
a, c 7 
*iC ! 

I/0, C c 
I'OiCII 

i/o 3 c r 
gndc 1: 



23 



□ v DD 

22 3 A, 
21 □ R/W 

20 Hoe 

19 JA.o 
18 □ CE 
17 □ l/O s 
16 IJI/O, 
15 Jl/Ot 
14 I]l/O s 
13 □ I/O4 



A ~ A,„ 


Address Inputs 


R/W 


Read/Write Control Input 


of 


Output Enable Input 


CE 


Chip Enable Input 


I/O, ~ I/O, 


Data Input/Output 


V DD 


Power (+5V) 


GND 


Ground 



: Time 

ns(Max ) : TC551 7BP-20/BPL-20/BF-2O/ 
/BFL-20 

tAcc = 250ns(Max.) : TC551 7BP-25/BPL-25/BF-25/ 
/BFL-25 

• Output Buffer Control : OE 

• On-chip Address Transition Detector 

• All inputs and outputs Directly TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC551 7BP-20/BPL-20/BP-25/ 
BPL-25 

Plastic FP .TC5517BF-20/BFL-20/BF-25/ 
BFL-25 
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OPERATION MODE 



MODE 


CE 


OE 


R/W 


A ~ A, 


I/O, ~ g 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


bDO 


Write 


L 




L 


Stable 


Data In 


'ddo 


Output Deselect 


L 


H 


H 




High Impedance 


'ddo 


"Standby 


H 






« 


High Impedance 


'dds 



Note: *: H or L **: Data Retention Mode 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3V ~ 7.0V 


V,N 


Input Voltage 


-0.3V ~ V DD + 0.3V 


V|/0 


Input/Output Voltage 


-0.3V ~ V DD + 0.3V 


P D 


Power Dissipation (Ta = 85"C) 


0.8W (0.45W) ' 


TsTG 


Storage Temperature 


-55°C ~ 1 50°C 


T OPR 


Operating Temperature 


-30°C ~ 85°C 


T SOLDER 


Soldering Temperature ■ Time 


260 °C ■ 10 sec. 



• Plastic FP=0.45W 



RECOMMENDED D C. OPERATING CONDITIONS (Ta=-30 85 C) 



SYMBOL 


PARAMETER 


M 1 N 


TYP. 


MAX. 


UNIT 


V DD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,H 


Input High Voltage 


2.2 




v DD + 0.3 


V 


v IL 


Input Low Voltage 


-0.3 




0.8 


V 


V D H 


Data Retention Voltage 


2.0 




5.5 


V 



D.C. CHARACTERISTICS (Ta = -30 85 C. Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


'IL 


Input Leakage Current 


O i V| N g V DD 






±1.0 


**A 


Ilo 


I/O Leakage Current 


CE = V IH . OV g V| /0 < V DD 






±5.0 


MA 


'OH 


Output High Current 


V 0H = 2.4V 


-1.0 


-2.0 




rtlA 


IOL 


Output Low Current 


v 0L -o.4V 


2.0 


3.0 




mA 


'ddsi 




CE =2.2V 




1.0 


3.0 


mA 






CE ^ V DD -0.5V 


TC5517BPL/ 


Ta=25°C 




0.005 


0.2 








BFL 


Ta=60°C 






1.0 




bDS2 


Standby Current 




TC5517BP/ 
BF 


Ta=25°C 




0.05 


1.0 


MA 






V DD " 2 ~ 5 5V 


Ta-60°C 






5.0 








Ta=85°C 






30 




'ddoi 




'cycle " 200ns 


Vin = V IH /V IL 






30 




'DD02 


Operating Current 


CT = OV, l 0UT =0mA 


V|N * V 0D /GND 






25 


mA 


!dD03 


'cycle " 1MS 


Vin =V, H /V, L 






10 


'□D04 




CE = OV. I 0UT - 0mA 


Vin =V DD /GND 






5 





Note: Typical Values are at Ta = 25°C. V D d ■ 5V. 

:, f - 1MHz) 



SYMBOL 


PARAMTER 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 




5 


10 


pF 


C| r 


Input/Output Capacitance 




5 


10 





Note: This paramter is periodically sampled and is not 100% tested. 
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TC551 7BP-20/BPL-20/BP-25/BPL-25 




,V DD =5V ± 10%) 



• Read Cycle 



SYMBOL 


PARAMETER 


TC5517BP-20/BPL-20 
TC5517BF-20/BFL-20 


TC5517BP-25/BPL-25 
TC5517BF-25/BFL-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


200 




250 




ns 


tACC 


Access Time 




200 




250 


tOE 


OE to Output valid 




100 




120 


tco 


CE to Output Valid 




200 




250 


tCOE 


OE or CE to Output Active 


10 




10 




tOD 


Output High-Z from Deselection 




60 




70 


tOH 


Output Hold from Address Change 


20 


— 


20 




• Write Cycle 


SYMBOL 


PARAMETER 


TC5517BP-20/BPL-20 
TC5517BF-20/BFL-20 


TC5517BP-25/BPL-25 
TC5517BF-25/BFL-25 


UNIT 


MIN 


MAX 


MIN. 


MAX. 


twc 


Write Cycle Time 


200 




250 




ns 


tWP 


Write Pulse Width 


150 




170 




tAW 


Address set up Time 












tWR 


Write Recovery Time 












tODW 


Outpur High-Z from RA/V 




60 




70 


IOEW 


Output Active from RA/V 


10 




10 






tDS 


Date set up Time 


90 




100 






tDH 


Data Hold Time 



















Output Load : 100pF + 1TTL Gate 

Input Pulse Levels : 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V and 2.2V 

Output : 0.8V and 2.2V 

Input Pulse Rise and Fall Times : 10ns 

TIMJNG WAVEFORMS 
• Read Cycled) 



D OUT 
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Note: (1) R/W is high for a Read Cycle. 

(2) OE = V| H or V| L . If, OE = V| H during write cycle, the output buffers remain in a high impedance 
state. 

(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

(4) tDH. tps are measured from the earlier of CE or R/W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a 
Write Cycle 1 , the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 



DATA Rl 



RISTICS (Ta = 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


2.0 




5.5 


V 


bDS2 


Standby Current 


TC5517BPL/ 
BFL 


Ta=25°C 




0005 


0.2 


fA 


Ta=60°C 






1.0 


TC5517BP/ 
BF 


Ta=25°C 




005 


1.0 


Ta=60°C 






5.0 


Ta=85°C 






30 


l CPR 


From Chip Deselection to Data Retention Mode 









V* 


tR 


Recovery Time 


tRC"l 









Note (1) t RC : Read Cycle Time 



vdd 




Not* (2) If the V| H level of CE is 2.2V, during the period thet the V DD voltage is going down from 4.5V to 2.7V. IpOS! current 
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TC551 7BP-20/BPL-20/BP-25/BPL-25 
TC551 7BF -20/BFL -20/BF -25/BFL -25 



OUTLINE DRAWINGS 

• Plastic DIP 



24 23 22 21 20 1916 1716 15 14 13 

r^rhrhrhrhr*irhrprhrhr|irji 




ujmiiii^UJUJiiimia q 

- 2 3 4 5 6 7 S 9 10 11 12 




Note : Each lead pitch is 2.54mm. Ail leads are located within 0.25mm of their true longitudinal position with respect 
to No .1 and No. 24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 



j] 



24 23 22 21 20 19 18 17 16 15 14 13 



1 2 3 4 5 6 7 



10 11 12 




ml 



0.15 ±0.05 



Note : Each lead pitch is 1 .27mm. All leads are located within 0. 1mm of their true longitudinal position with respect t 
No. 1 and No. 24 leads. 
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TC551 7BP-20/BPL-20/BP-25/BPL-25 



.„.U FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-m-hne package. 
Differences are as follows. 



1. Difference in dimension between flat and 
standard package. 



2. Comparison in occupied space 





Fiat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


21 


5 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 
Capability of thin Assembly Capability of Assembly on both side of PC board 




4. PC pattern layout example 



(CE) (OE) 




(CE ) (OE) (mm) 



Not.-. Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Aug . 1985 Toshiba Corporation 
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2.048 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC551 8BP-20/BPL-20/BP-25/BPL-25 
TC551 8BF -20/BFL -20/BF -25/BFL -25 



The TC55 1 8BP/BF is a 1 6384-bit high speed and 
low power fully static random access memory orga- 
nized as 2048 words by 8 bits using CMOS tech- 
nology, and operates from a single 5 volt supply. 

The TC551 8BP/BF has two chip enable inputs, 

CE, and CE 2 , which are used for device selection and 
can be used in order to achieve the minimum stand- 
by current mode easily for battery back up. Also the 
high speed and low power characteristics which 
maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 

Thus the TC551 8BP/BF is most suitable for use in 



low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC551 8BPL/BFL guaranteed a 
standby current equal to or less than 1//A at 60"C 
ambient temperature available. 

And the TC5518BP is pin compatible with 2716 
type EPROM. This means that the TC5518BP and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide application in 
microcomputer system. 



Low Power Dissipation 

27.5mW/MHz (Max.) Operating 
Standby Current 



TC55T8BPL/ 
BFL-20 
TC5518BP/ 

BF-20 



O.Z»A (Max.) at Ta = 25°C 

1.0'nA (Max.) atTa" t 60°C 

1.0/jA (Max.) at Ta = 25°C 

5.0mA (Max.) atTa = 60°C 
Single 5V Power Supply: 5V±10% 
Data Retention Supply Voltage 

2.0 ~ 5.5V 
Fully Static Operation 

(Top VIEW) 



A,C 1 
»(C 2 
A S C 3 
«4[ 4 
*3 C 5 
A; C 6 
A, C 7 
AO C 8 
I/O, C 9 
I/O2 C It 
l/o 3 £ 11 
GND C 



12 



24 3 V DD 
23 3A 8 
22 UA 9 
21 DR/W 
20 UCE, 
19 JAm 
18 3 CE 2 
17 □ l/0 8 
16 U l/0 7 

14 □ l/0 S 
'3 3 I/O4 



A ~ A 10 


Address Inputs 


R/W 


Read/Write Control Input 


CE"i.CE, 


Chip Enable Inputs 


I/O, ~ I/O, 


Data Input/Output 


V DD 


Power (+5V) 


GND 


Ground 



Fast Access Time 

tACC = 200ns(Max ) : TC551 8BP-2O/BPL-20/BF-20/ 
BFL-20 

tACC = 250ns(Max.):TC5518BP-25/BPL-25/BF-25/ 
_BFL-25_ ' 
Two Chip Enables (CE1 , CE2) for Simple 

Memory Expansion and Battery Back Up 
On-chip Address Transition Detector 
All Inputs and Outputs Directly TTL Compatible 
Three State Outputs 
Package 

Plastic DIP:TC5518BP-20/BPL-20/BP-25/ 
BPL-25 

Plastic FP :TC5518BF-20/BFL-20/BF-25/ 
BFL-25 



BLOCK DIAGRAM 
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TC551 8BP-20/BPL-20/BP-25/BPL-25 
TC5518BF-20/E 



OPERATION MODE 



MODE 


SB, ' 
L 


CE, 


R/W 


A ~ A, o 


I/O, ~„ 


POWER 


Read 


L 


H 


Stable 


Data Out 


bDO 


Write 


L 


L 


L 


Stable 


Data In 


bDO 


** Standby 1 




H 


• 




High Impedance 


Idds 


** Standby 2 


H 


• 






High Impedance 


'dds 



Note; * : H or L 



Data Retention Mode 



ABSOLUTE MAXI 




SYMBOL 


ITEM 


RATING 


V DD 


Power Supply Voltage 


-0.3V ~ 7.0V 


Vin 


Input Voltage 


-0.3V~V DD +0.3V 


V|/o 


Input/Output Voltage 


-0.3V ~ V DD +0.3V 


P D 


Power Dissipation (Ta = 85"C) 


0.8W (0.45W)' 


TstG 


Storage Temperature 


-55°C~ 150°C 


T OPR 


Operating Temperature 


-30°C ~ 85°C 


T SOLDER 


Soldering Temperature ■ Time 


260°C- 10 sec 



*: Plastic FP = 0.45W 



RECOMMENDED D C. OPERATING CONDITIONS (Ta = -30 85 C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


v nn 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,H 


Input High Voltage 


2.2 




Vdd+0.3 


V 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


o < v, N g V DD 






±1.0 
±5.0 


XA 


Ilo 


I/O Leakage Current 


CE 2 =V IH .0V^V| /o ^V DD 






)iA 


'oh 


Output High Current 


V 0H = 2.4V 


-1.0 


-2.0 




mA 


lOL 


Output Low Current 


V 0L 0.4V 


2.0 


3.0 




mA 


'ddsi 


Standby Current 


CE 2 =2.2VorCE, = 2.2V 




1.0 


3.0 


mA 


'DDS2 


CE 2 ;>V DD -0.5V or 
CE. V DD -0.5V 

V DD = 2 ~ 5.5V 


TC551 8BPL/ 
BFL 


Ta=25°C 




0005 


0.2 


riA 


Ta=60°C 






1.0 


MA 


TC5518BP/ 
BF 


Ta=25°C 




0.05 


1.0 


Ta=60°C 






5.0 


Ta=85°C 






30 


'ddoi 


Operating Current 


tcyde = 200ns. CEl = 
CF 2 = OV, Iout " OmA 


-V |H .V IL 






30 
25 


mA 


'DD02 


Vin = V DD /GND 






'□003 


fcycle = 1/JS.CE, - 
CEj f OV, Iqut " OmA 


V| N =V| H /V, L 






10 


bD04 


Vin =V DD /GND 






5 



Note: Typical Values are at Ta = 25°C, V DD = 5V 



CAPACITANCE 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 




5 


10 


pF 


C|/o 


Input/Output Capacitance 




5 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 ~ 85°C. V DD = 5V ± 10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5518BP-20 BPL-20 
TC5518BF-20 BPL-20 


TC5518BP-25 BPL-25 
TC5518BF-25 BFL-25 


UNIT 


MINI. 


MAX 


MIN. 


MAX. 


IRC 


Read Cycle Time 


200 




250 




ns 


tACC 


Access Time 




200 




250 


tC01 


CE1 to Output Valid 




200 




250 


tC02 


CE2 to Output Valid 




200 




250 


tCOE 


CE1 or CE2 to Output Active 


10 




10 




too 


Output High-Z Deselection 




60 




70 


tOH 


Output Hold from Address Change 


20 




20 




Write Cycle 


SYMBOL 


PARAMETER 


TC5518BP-20 BPL-20 
TC5518BF-20''BFL-20 


TC5518BP-25 BPL-25 
TC5518BF-25 BFL-25 


UNIT 


MJN. 


MAX 


MIN. 


MAX 


twc 


Write Cycle Time 


200 




250 




ns 


tWP 


Write Pulse Width 


150 




170 




tAW 


Address set up Time 












tWR 


Write Recovery Time 












tODW 


Outpur High-Z from R 'W 




60 




70 


tOEW 


Output Active from R W 


10 




10 




tDS 


Data set up Time 


90 




100 




tDH 


Data Hold Time 












Output Load 

Input Pulse Levels 

Timing Mesurement Reference 



Input Pulse Rise and Fall Times 



Levels 
Input 
Output : 



100pF + 1TTL Gate 
0.6V, 2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10 ns 



Read Cycle (1) 



'COI 



T COE f 

«coe 



V|lJ / VV|L 



OUTPUT DATA VALID 



vol 
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TC551 8BP-20/BPL-20/BP-25/BPL-25 
TC551 8BF -20/BFL -20/BF -25/BFL -25 



Write Cycle 1. 
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TC551 8BP-20/BPL-20/BP-25/BPL-25 



Note: 



(1) 
(2) 



(3) 
(4) 

(5) 

(6) 

(7) 



R/W is high for a Read Cycle. 

twp is specified as the logical "AND'jx CE1, CE2 and RAW. 

twp is measured from the latter of CE 1 , CE2 or R/W going low to the earlier of CE 1 , CE2 or 

R/W going high. 

tDH. tDS are measured from the earlier of CE 1 , CE2 or R/W going high. 

If the CE 1 , or CE2 low transition occurs simultaneously with or latter from the R/W low tran- 
sition in a Write Cycle 1 , the output buffers remain in a high impedance state in this period. 
If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 
If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE 1 or 

this period. 



CE2 low transition, the output buffers remain in a highjmpedance state in 
A write occurs during the overlap of a low CEjJow CE2 and low R/W. 
In write cycle 2, write is controlled by either CE 1 or CE2. 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vuh 


Data Retention Power Supply Voltage 


2.0 




5.5 


V 


'DDS2 


Standby Current 


TC5518BPL/ 
BFL 


Ta = 25°C 




0005 


0.2 


0A 


Ta = 60°C 






1.0 


TC5518BP/ 
BF 


Ta = 25°C 




005 


1.0 


Ta = 60°C 






5.0 


Ta = 85°C 




- 


30 


l CPR 


From Chip Deselection to Data Retention Mode 









MS 


tfl 


Recover Time 


tRc'D 


- 




Ms 



Noted) tRc : Read Cycle Time 




GND 

Note (2) if the V, H level of CE 2 (CE,> is 2.2V, during the period that the V DD voltage is going down from 4.5V to 2.7V, l DDS1 
current flows. 
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• Plastic DIP 



24 23 22 2120 1918 17 161514 13 

nnnnnnnnnnnn 



1 23456 789 10 11 12 





1.4 +0.15 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No. 24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 



n n n n n n 



24 23 22 2 20 19 18 17 16 15 1 13 



1 2 3 4 5 6 7 8 9 10 11 12 



Note : Each lead pitch is 1 .27mm. All leads are located within 0. 1 mm of their true longitudinal position with respect to 
No.1 and No. 24 leads. 
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TC551 8BP-20/BPL-20/BP-25/BPL-25 



PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 

1. Difference in dimension between flat 2. Comparison in occupied space 

and standard package. 



Unit : mm 





Flat package 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


2.1 


5 



FP 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly — Capability of Assembly on both side of PC board. 

4. PC pattern layout example 




CE 2 CE, 



Note: Toshiba does not assume any responsibility tor use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Aug . 1985 Toshiba Corporation 
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Distributed by 



2,048 WORD X 8 BIT CMOS STATIC RAM 



TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7CF -1 5/CFL -1 5/CF -20/CFL -20 




ION 



The TC55 1 7CP/CF is a 1 6384-bit high speed and 
low power fully static random access memory orga- 
nized as 2048 words by 8 bits using CMOS tech- 
nology, and operates from a single 5 volt supply . 
The TC551 7CP/CF has a output enable input (OE) 
for fast memory access and output control and chip 
enable input (CE) which is used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. Also 
the high speed and low power characteristics which 
maximum access time is 150ns, 200ns and maxi- 
mum operating current is 5mA/MHz are achieved. 



Thus the TC551 7CP/CF is most suitable for use in 
low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC551 7CPL/CFL guaranteed a 
standby current equal to or less than 1 uA at 60'C 
ambient temperature avaitble . And the TC55 1 7CP is 
pin compatible with 271 6 type EPROM. This means 
that the TC55 1 7CP and EPROM can be interchanged 
in the same socket and the flexibility in the definition 
of the quantity of RAM versus EPROM allows the 
wide application in microcompute system. 



FEATURES 

• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current 

0.2^A(Max.) at Ta-25 - C,TC551 7CPL-1 5/CPL-20 
1 .0/,A(Max.) at Ta-60"C CFL-1 5/CFL-20 

1 .0/<A(Max.) at Ta=25"C, TC551 7CP-1 5/CP-20 
5.0/<A(Max.) at Ta=60"C' CF-1 5/CF-20 

• Single 5V Power Supply: 5V±10% 

• Data Retention Supply Voltage 
2.0-5.5V 

• Fully Static Operation 

• Fast Access Time 

tAcc= 1 50ns(Max.) : TC551 7CP-1 5/CPL-1 5 
CF-15/CFL-15 

PIN CONNECTION 



(TOP VIEW) 




Ao~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE" 


Chip Enable Input 


l/O.-l/Os 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 



tACC=200ns(Max.) : TC551 7CP-20/CPL-20 
_ CF-20/CFL-20 

• Output Buffer Control : OE 

• On-Chip Address Transition Detector 

• All Inputs and Outputs Directly TTL 
Compatible 

• Three State Outputs 



Plastic DIP: TC551 7CP-1 5/CPL-1 5 
(600 mil) CP-20/CPL-20 
Plastic FP : TC551 7CF-1 5/CFL-1 5 
CF-20/CFL-20 

BLOCK DIAGRAM 
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MODE 


CE 


OE 


R/W 


Ao~A, 


1/0,-1/0, 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


Iddo 


Write 


L 


* 


L 


Stable 


Data In 


Iddo 


Output Deselect 


1 


H 


H 




High Impedance 


Iddo 


* * Standby 


H 


* 


* 


* 


High Impedance 


Idds 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3-7.0V 


VlN 


Input Voltage 


-0.3V-VDD + 0.3V 


Wo 


Input/Output Voltage 


-0.3V-Vdd + 0.3V 


Pd 


Power DissipationfTa — 85"C) 


0.8W(0.45W)- 


TsTG 


Storage Temperature 


-55-C-150-C 


Topr 


Operating Temperature 


-30-C-85-C 


TsOLOER 


Soldering Temperature*Time 


260'C-10sec. 



•Plastic FP = 0.45W 



RECOMMEIN 



OPERATING 



MS (Ta=-30-85X) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V 1H 


Input High Voltage 


2.2 




Vdd + 0.3 


V 


Vil 


Input Low Voltage 


-0.3 




0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



(Ta = 30~85-C. Vdd=5V±10%) 















TC5517CP- 


TC5517CP- 




SYMBOL 


PARAMETER 


CONDITIONS 




15/CF-15 


20/CF-20 


UNIT 














MIN 


MAX. 


MIN. 


MAX. 




In. 


Input Leakage Current 


OSVinSVdd 




±1.0 




- ' c 




Ilo 


I/O Leakage Current 


CE=Vih. OVSVioSVod 




±5.0 




±5.0 


M A 


lOH 


Output High Current 


Voh2.4V 








-1 .0 




-1.0 




mA 


l0L 


Output Low Current 


Vol = 0.4V 


2.0 I - 


2.0 




mA 


Iddsi 




CE2 = 2.2V 




3.0 




3.0 


mA 






CESVdd-0.5V 


TC5517CPL/ 

CFL 


Ta = 25X 




0.2 




0.2 








Ta = 60'C 




1 .0 




1 .0 




IDDS2 


Standby Current 




TC5517CP/ 
CF 


Ta = 25"C 




1 .0 




1 .0 


*A 








Ta = 60'C 




5 




5.0 














Ta = 85X 




30 




30 




Iddo i 




tcvcie=Mini cycle. 


VlN = 


= Vih/Vil 




45 




30 




IDD02 


Operating Current 


CE = OV, Iout= 


OmA 


Vin = Vdo/GND 




40 




25 


mA 


IDD03 


tcvcle= 1//S, 




ViN- 


= Vih/Vil 




10 




10 


IDD04 




CE = OV. Iout= 


OmA 


V ' n = Vdd/GND 




5 




5 





Note : Typical values are at Ta-25'C. Vdd = 5V. 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 




SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 




5 


10 


PF 


Ci/o 


Input/Output Capacitance 




5 


10 


pF 



Note : This parameter is periodically sampled and is not 100% tested. 
Read Cycle 



SYMBOL 


PARAMETER 


TC5517CP-15/CPL-15 
TC5517CF-1B/CFL-15 


TC5517CP-20/CPL-20 
TC5517CF-20/CFL-20 


UNITS 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


150 




200 




ns 


tACC 


Address Time 




150 






200 


tOE 


cTTto Output Valid 




70 






100 


tco 


ClTto Output Valid 




150 






200 


tcOE 


ClTor OE to Output Active 


10 






10 




tOD 


Output High-Z from Deselection 




50 






60 


tOH 


Output Hold from Address Change 


15 






20 




Write Cycle 




SYMBOL 


PARAMETER 


TC5517CP-15/CPL-15 
TC5517CF-15/CFL-15 


TC5517CP-20/CPL-20 
TC5517CF-20/CFL-20 


UNITS 


MIN 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 




200 




ns 

ns 


twp 


Write Pulse Width 


120 




150 




tAW 


Address Set up Time 












tWR 


Write Recovery Time 












tODW 


Output High-Z from R/W 




50 




60 


tOEW 


Output Active from R/W 


10 






10 




tDS 


Data Set up Time 


60 






80 




tDH 


Data Hold Time 















A. C. TEST CONDITIONS 

OutputLoad :100pF+1TTL Gate 
Input Pulse Levels: 0.6V, 2.4V 



Timing Measurement Reference Levels 
Input 
Output 

Input Pulse Rise and Fall Times 



0.8V and 2.2V 
0.8V and 2.2V 
10ns 



tic 



\\\\\\\\\\\\\\\\\^ 



mm 
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Write Cycle 1 (2) 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 




Note: 

1. R/W is high for a Read Cycle. 

2. OE = Vih or Vil. If, OE = Vih during write_cycle, the output buffers remain in a high impedance state. 

3. twp is specfied as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

4. tDH, tos are measured from the earlier of CE or R/W going high. 

5. If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write Cycle 1 , the output 
buffers remain in a high impedance state in this period. 

6. If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1 , the output 
buffers remain in a high impedance state in this period. 

7 . If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transition , the output 
buffers remain in high impedance state in this period. 



(Ta=-30~85-C) 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


2.0 




5.5 


V 






TC551 7CPL/CFL 


Ta = 25"C 




0.005 


0.2 








Ta = 60 - C 






1 .0 




I DOS, 


Standby Current 




l.j 2 5"C 




0.05 


1 .0 


*A 






TC551 7CP/CF 


Ta = 60'C 






5.0 










Ta = 85X 






30 




tCDR 


From Chip Deselection to Data Retention Mode 











us 


tR 


Recovery Time 


tRC(D 







Note : 

1 . tec : Read Cycle Time 




OND 



Note : 

2 . If the Vih level of CE is 2 .2V, during the period that the Vdd voltage is going down from 4.5V to 2. 7 V Iddsi current flows. 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7CF-1 5/CFL -1 5/CF -20/CFL -20 



Plastic DIP 



24 23 22 21 20 19 18 17 16 15 14 13 

i-ii-inr-innnnnr-ini-i 



uuuuuuuuuuuu 

123456789 10 11 12 



3 <A MAX . 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 



• Plastic FP 



23 22 21 20 19 18 17 16 15 14 13 



12345678 9 10 11 12 



16.5 MAX. 



Jifl=0=0=0=0=0=0=0=lH)=0=^- 



Note : Each lead pitch is 1 ,27mm. 

All leads are located within 0.1mm of their true longitudinal position with respect to No.1 and No. 24 leads. 
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1 7CP-1 5/CPL-1 5/CP-20/CPL-20 



PACKAGE INFORMATION FOR FLAT PACKAGI 

This new flat package is a very small and thin 
compared with conventional standard dual-in-line 
package. Differences are as follows. 

1. Difference in dimension between flat and standard 
package. 



2. Comparison in occupied space. 





Flat pacpage 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


1 1 2 


Lead Pitch 


1 .27 


2.54 


Thickness 


2.1 


5 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly Capability 

Assembly on both side of PC board. 



of 




4. PC pattern layout example. 




Note Toshiba does not assume any responsibility for use of any circuitry described ; no circuil patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry 
c Aug . 1985 Toshiba Corporation 
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2,048 WORD X 8 BIT CMOS STATIC RAM 



TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 8CF-1 5/CFL -1 5/CF -20/CFL -20 



The TC551 8CP/CF is a 1 6384-bit high speed and 
low power fully static random access memory orga- 
nized as 2048 words by a 8 bits using CMOS tech- 
nology, and operates from a single 5 volt sup ply. 
The TC551 8CP/CF has two chip enable inputs, CEi 
and CE2 , which are used for device selection and can 
be used in order to achieve minimum standby cur- 
rent mode easily for battery back up. Also the high 
speed and low power characteristics which maxi- 
mum access time is 150ns, 200ns and maximum 
operating current is 5mA/MHz are achieved. Thus 



the TC551 8CP/CF is most suitable for use in low 
power applications where battery operation or battery 
back up for nonvolatility are required. Furthermore 
the TC551 8CPL/CFL guaranteed a standby current 
epual to or less then 1//A at 60'C ambient tempera- 
ture avaitble. And the TC5518CP is pin compatible 
with 2716 type EPROM . This means that the 
TC5518CP and EPROM can be interchanged in the 
same socket and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system 



• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current 

0.2/iA(Max.) atTa = 25"C, TC551 8CPL-1 5/CPL-20 
1 .0/iA(Max.) atTa=60 - C' CFL-1 5/CFL-20 

1 .0^A(Max.) at Ta=25'C, TC551 8CP-1 5/CP-20 
5.0;/A(Max.) at Ta=60*c' CF-1 5/CF-20 

• Single 5V Power Supply : 5V± 1 0% 

• Data Retention Supply Voltage : 2.0-5.5V 

• Fully Static Operation 

• Fast Access Time 
tAcc=150ns(Max,) : TC551 8CP-1 5/CPL-1 5 

CF-15/CFL-15 



A7 C ! 

A6 C 2 

AS C 3 

A4 C 4 

A3 C 5 

A2 C 6 

Al C 7 

AO c a 

1/01 C 3 

1/ 02 c 10 

1/03 C 11 

OND c 12 



(TOP VIEW) 

24 3 V DD 
23 3 AS 
22 3 A9 

a 3R/W 
20 3 Ski 

is p A10 
18 p CK2 
17 3 1/08 
16 3 1/07 
IS ] 1/06 
14 3 1/ 05 
13 3 1/04 



PIN NAMES 



Ao~Aio 


Address Inputs 




ReadAA/nte Control Input 


ce7. ceT 


Chip Enable Inputs 


I/O, I/Ob 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 



tACC = 200ns(Max.) : TC551 8CP-20/CPL-20 
CF-20/CFL-20 

• Two Chip Enables (CEi,CE2) for Simple Memory 
Expansion and Battery Back Up 

• On-Chip Address Transition Detector 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package; Plastic DIP : TC551 8CP-1 5/CPL-1 5 

(600 mil) CP-20/CPL-20 
Plastic FP: TC551 8CF-1 5/CFL-1 5 
20 
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TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 



OPERATION MODE 



MODE 


CEl 


CiTi 


R/W . 


Ao— Aio 


I/O, -I/Ob 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


Iddo 


Write 


L 


L 


L 


Stable 


Data In 


Iddo 


* * Standby 1 


* 


H 


* 


* 


High Impedance 


Idds 


* * Standby 2 


H 


* 


* 


* 


High Impedance 


Idds 



Note : * : H or L * * : Data Retention Mode 




SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3~7.OV 


Vin 


Input Voltage 


-0.3V-VD0 + 0.3V 


Vl/O 


Input/Output Voltage 


-0.3V-Vdd+0.3V 


Pd 


Power Dissipation(Ta-85"C} 


0.8W(0.45W)' 


TsTG 


Storage Temperature 


-55-C-150-C 


Topfi 


Operating Temperature 


-30-C-85-C 


TsOLDEH 


Soldering Temperature-Time 


260'C-10sec. 



•Plastic FP = 0.4BW 



RECOMMENDED D. C. OPERATING CONDITIONS (Ta= -30-85C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 




Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vdh 


Data Retention Voltage 


2.0 




5.5 


V 



D. C. CHARACTERISTICS (Ta = 30-85-C. V DD = 5V±10%, 



SYMBOL 


PARAMETER 


CONDITIONS 


TC5518CP- 
15/CF-15 


TC5518CP- 
20/CF-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


In 


Input Leakage Current 


OSVinSVdd 




±1.0 




±1 .0 


*A 


Ilo 


I/O Leakage Current 


CE7 =Vih. OVSVi/oSVdd 




±5.0 




±5 




lOH 


Output High Current 


Voh = 2.4V 


-1 .0 




-1 .0 




mA 


lot 


Output Low Current 


Vol = 0.4V 


2.0 




2.0 




mA 


Iddsi 


Standby Current 


CTz =2.2V or CET =2.2V 




3.0 




3.0 


mA 


IDDS2 


CE? =Vdd 
-0.5V or 
CE, =Voo 
-0.5V 
Vdd=2~5. 
5V 


TC5518CPL/ 
CFL 


Ta = 25"C 




0.2 




0.2 


*A 


Ta = 60-C 




1 .0 




1.0 


TC551 8CP/ 
CF 


Ta = 25"C 




1 .0 




1 .0 


Ta = 60-C 




5.0 




5.0 


Ta = 85-C 




30 




30 


Iddoi 


Operating Current 


tcycie^Mini cycle, 
CET=CE2=0V, lout=OmA 


Vin=Vih/Vil 




45 




30 


mA 


IDD02 


Vin = Vdd/GND 




40 




25 


IDD03 

Idem 


tc»cle=1/lS. ClT = 

CEl? =0V, lour = OmA 


Vin = Vih/Vil 




10 




10 


Vin = Vdd/GND 




5 







Note : Typical values are at Ta = 25"C. Vdd = 5V. 
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SYMBOL 


PARAMETER 


MIN. 


r, p 


MAX. 


UNIT 


Cm 


Input Capacitance 




5 


10 


pF 


Cout 


Input/Output Capacitance 






5 


10 


PF 



Note : This parameter is periodically sampled and is not 100% tested. 

A. C. CHARACTERISTICS (Ta = -30~85-C. Vpd5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC5518CP-15/CPL-15 
TC5518CF-15/CFL-15 


TC5518CP-20/CPL-20 
TC5518CF-20./CFL-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


150 




200 




ns 


tACC 


Address Time 




1 50 




200 


tcoi 


CEi to Output Valid 




150 




200 


tC02 


CETto Output Valid 




150 




200 


tCOE 


CEi or CE2 to Output Active 


10 




10 




tOD 


Output High-Z Deselection 




50 




60 


tOH 


Output Hold from Address Change 


15 




20 






SYMBOL 


PARAMETER 


TC5518CP-15/CPL-15 
TC5518CF-15/CFL-15 


TC5518CP-20/CPL-20 
TC5518CF-20/CFL-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


150 




200 




ns 


twp 


Write Pulse Width 


120 




1 50 




tAW 


Address Set up Time 












tWR 


Write Recovery Time 












tODW 


Output High-Z from R/W 




50 




60 


tOEW 


Output Active from R/W 


10 




10 




tDS 


Data Set up Time 


60 




80 




tDH 


Data Hold Time 













Output Load :100pF+1TTL Gat. 

Input Pulse Levels : 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V and 2 .2V 
Output : 0.8V and 2.2V 
Input Pulse Rise and Fall Times : 10ns 









X 


&! W 






C ACC 

"IH 












>'///////////////////////, 
















W///////////////////, 






V - H 

■UTFUT DAT 


'OB | 
A VALID TX?5?2> 



Vol 
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tc551 8cp-1 5/cpl-1 5/cp-20/cpl-20 

:fl-2 



• Write Cycle 1 (2) 



ADDRESSES 



l AW 



\\\\\\\\\\\\\ 



D OUT 



t ODW 



Vih\/' v 



' (4) 



l WR 



IH 
VlL 



HIOH IMPEDANCE 



l DS (3) 



■DH (3) 



(5) 
v I. ■ 



VlL V IL 



Write Cycle 2 (2) 



ADDREGSES 



(7)CE2(CE1) 



(7)5El(CEj) 



D 1N 



X 



VlH 



<-AW 



VlH 



V 1H "V'T 



l WR 



IL 



X 



DATA IN STABLE 



VlL 



UNKNOWN 
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TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 



6. 



Note : 

1 . R/W is high for a read Cycle. 

2. twp is specified as logical "AND" of CEi , CE 2 and R/W. 
twp is measured from the latter of CEi , CE2_or R/W going low to the earlier of CEi ,CE2 or R/W going high. 

3. tDH, ids are measured from the earlier of CEi, CE2 or R/W going high, 

4 . If the SET or CE2 low transition occurs simultaneously or latter from the R/W low transition in a Write Cycle 1 , the 
output buffers remain in a high impedance state in this period. 

5. If the CET or CE2 high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1 , 
the output buffers remain in a high impedance state in this period. 

If the R/W is low or the R/W tow transition occurs prior to or simultaneously with the CEi or CE2 low transition, the 
output buffers remain in a high impedance stat e in t his p eried . 
A write occurs during the overlap of a low C Ei , low CE2 and low R/W. 
In write cycle 2, write is controlled by either CEi or CE2. 



(Ta=-30~85"C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


2.0 




5.5 


V 


IDDS2 


Standby Current 


TC551 8CPL/CFL 


Ta = 25-C 




0.005 


0.2 


«A 


Ta = 60"C 






1 .0 


TC551 8CP/CF 


Ta = 25"C 




0.05 


1 .0 


Ta = 60"C 






5.0 


Ta = 85"C 






30 


tCDR 


From Chip Deselection to Data Retention Mode 









MS 


tB 


Recovery Time 


tRcd) 









Note : 

1 . tRc : Read Cycle Time 



CEI or CE2 




If the Vih level of CE2 (CEi) is 2.2V, during the period that the Vdd voltage is going down from 4.5V to 2 . 7V, Iddsi 
current flows. 
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TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 



OUTLINE D 

• Plastic DIP 



24 23 22 21 20 19 18 17 16 15 14 13 

nnnnnnnnnnnn. 




uuuuuuuuuuuu 

123456789 10 11 12 



■ 3 



3 2.4 MAX. 




Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 



• Plastic FP 




Lili 



24 23 22 21 20 19 18 17 16 15 14 13 



123456789 10 11 12 



u uu uu 



.0.151 0.05 



11=0=0=0=0=0=0=0=0=0= 



Note : Each lead pitch is 1 .27mm. 

All leads are located within 0. 1 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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PACKGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and this 
compared with conventional standard dual-in-line 
package. Differences as follows. 



1. Difference in dimension between flat and standard 
package. 

Unit : mm 



2, Comparison in occupied space 





Flat pacpage 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1 .27 


2.54 


Thickness 


2.1 


5 



3. Advantage of this package 
Small dimensions 

Capability of High Density Assembly 

Capability of thin Assembly 

Capability of Assembly on both side of PC board . 




4. PC pattern layout example 



CE2 CE1 




Nole Toshiba does nol assume any responsibility for use of any circuitry described no circuit patent l.censes are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry 
C Aug . 1985 Toshiba Corporation 
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8.192 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5564PL is 65536 bits static random access 
memory organized as 8192 words by 8 bits using 
CMOS technology, and operates with a single 5V 
power supply. 

Advanced circuit techniques provides low power 
feafure with a maximum operating current of 5mA/ 
MHz. Operation current depends on cycle time. 

TC55 64P L has three control inputs. Two chip 
enables(CEi, CE2) allow for device selection and 
data retention control. Output enable(OE) input 
provides fast memory access. When device is placed 
in standby mode with chip off state, standby current 



» Standby Current 

0.2^A(MAX.) at Ta = 25'C 

1 .fj>A(MAX.) at Ta = 60'C 
» Low Power Dissipation 

27.5mW/MHz(MAX.) Operating 

► 5V Single Power Supply 

► 8,192 Word x8Bit 

» Fully Static Operation 

t Data Retention Voltage : 2.0- 5.5V 



(TOP VIEW) 




Ao— A12 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CET, CE2 


Chip Enable Inputs 


I/O. — l/Os 


Data Input/Output 


Vdo 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 



TC5564PL -^5 
TC5564PL-20 



is typically 0.01/iA. So the TC5564PL is suitable for 
use in various microprocessor application systems 
where low power and battery back up are required. 
Ultra low standby power allow not only battery but 
capacitance backup. 

Pin assignment of TC5564PL is pin compatible 
with the 64K bits EPROM(TMM2764D). RAM and 
EPROM are then interchangeable in the same socket, 
resulting in flexibility in the definition of the quantity 
of RAM versus EPROM in microprocessor application 
systems, 

TC5564PL is offered in a standard dual-in-line 
28pin plastic package, 0.6 inch width. 



• Access Time 





TC5564PL-15 


TC5564PL-20 


Address Access Time (MAX) 


150ns 


200ns 


CEi Access Time (MAX) 


150ns 


200ns 


CE! Access Time (MAX) 


150ns 


200ns 


Output Enable Time (MAX ) 


70ns 


100ns 



• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 Pin DIP 

• Pin compatible with 2764 type EPROM 

BLOCK DIAGRAM 




OPERATING MODE 



Operation 








R'W 


l/Ol- 




CEi 


CE2 


OE 


Power 


Mode 








l/Oa 




Read 


L 


H 


L 


H 


D- ■ 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


* 


* 


H 


* 


High-Z 


Iddo 




H 


* 




* 




Idds 


Standby 












* 


L 


* 


* 




Idds 
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TC5564PL-15 
TC5564PL-20 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 -7 0* 


V 


Vin 


Input Voltage 


-0.3"-70 


V 


Vi.o 


Input and Output Voltage 


-0.5~Vdd+0.5 


V 


Pd 


Power Dissipation 


1 .0 


w 


TsOLOEH 


Soldering Temperature 


260-10 


•C-Sec 


TsTG 


Storage Temperature 


-55-150 


•c 


ToPR 


Operating Temperature 


-30-85 


■c 



* 8 . 5V at Pulse width 1 00ns 

* * -3.0V at Pulse width 50ns 



D.C. RECOMMENDED OPERATING 




SYMBOL 


PARAMETER 


MIN . 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5 5 


V 


Vih 


Input High Voltage 


2.2 




Vdd + 0.3 


V 


Vil 


Input Low Voltage 


-0.3- 




0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 



* -3.0V at Pulse width 50ns 

D.C. and OPERATING CHARACTERISTICS (Ta= -30~85"C, Vdd=5V±10% Unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


lit 


Input Leakage Current 


Vin = 0- Vdd 






±1 .0 


*A 


I OH 


Output High Current 


Voh = 2.4V 


-1.0 






mA 




Output Low Current 


Vol=0.4V 


4.0 






mA 


lug 


Output Leakage Current 


CEi = Vi H or CE 2 = Vn or 
R/W=Vil, or OE=Vih 
Vout=0— Vdd 






±1 .0 


„A 


Iddoi 


Operating Current 


CE,=Vil and CE 2 =Vih 
Other lnput = Vi H /ViL 
lour=OmA 


tcycle — 1 fiS 






10 


mA 


MIN 
CYCLE 


TC5564PL-15 






45 


TC5564PL-20 






40 


IDD02 


Operating Current 


CE"i = 0.2V and 
CE 2 =Vdd-0.2V 
Other Input 
=Vdd-0.2V/0.2V 
lour=OmA 


tcvcie = 1 ^S 






5 


mA 


MIN 
CYCLE 


TC5564PL-15 






40 


TC5564PL-20 






35 




Standby Current 


CEi=Vih or CE 2 =Vil 






2 


mA 


IDDS2 


Standby Current 


CE"i=Vdd-0.2V or 
CE 2 = 0.2V 
Vod=2.0~5.5V 


Ta = 25T 




0.01 


0.2 




Ta = 60X 






1 .0 



Note : In standby mode with CEi gVoD-0.2V. these specification limits are guaranteed under the condition of CE 2 S Vdd -0.2V or 
CE2SO.2V. 

CAPACITANCE (Ta = 25 C. f = 1 MHz) 



5YMBOI 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


pF 


Cour 


Output Capacitance 


Voui = GND 


10 


pF 



Note : This parameter is periodically sampled and is not 100% tested. 
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TC5564PL-1 5 




A. C. CHARACTERISTICS 

Read Cycle 



= -30~85-C, Vdd = 5V±1 



SYMBOL 


PARAMETER 


TC5564PL-15 




TC5564PL-20 


UNIT 


MIN. 


MAX. 


M 


N. 


MAX. 


tRC 


Read Cycle Time 


1 50 




200 








Address Access Time 




150 




200 


ns 




CEi Access Time 




150 




200 


tC02 


CE2 Access Time 




150 






200 


tOE 


Output Enable to Output in Valid 




70 






100 


tCOE 


Chip Enable (CEi). CE 2 to 
Output in Low-Z 


10 




10 




tOEE 


Output Enable to Output Low-Z 


5 




5 




tOD 


Chip Enable (CEi, CE2) to Output in High-Z 




70 




100 


toOQ 


Output Enable to 
Output High-Z 




60 




80 


tOH 


Output Data Hold Time 


20 






20 




Write Cycle 




SYMBOL 


PARAMETER 


TC5564PL-15 


TC5564PL-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


1 50 




200 




ns 


twp 


Write Pulse Width 


100 




150 




tew 


Chip Selection to End of Write 


120 




180 




tAW 


Address Set up Time 












tWR 


Write Recovery Time 












tODW 


R/W to Output High-Z 




70 




100 


tOEW 


R/W to Output Low-Z 


10 




10 




tDS 


Data Set Up Time 


70 




80 




tDH 


Data Hold Time 















Input Pulse Levels : 
Timing Measurement Reference levels : 

Input Pulse Rise and Fall Times : 
Output Load : 



2.4V/0.6V 
Input ; 2.2V/0.8V 
Output; 2.2V/0.8V 
5ns 

See Fig . 1 



C : lOOpF (Including Jig) 
D : 1S1588 or Equivarent 
Fig. 1 Output Load 
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TC5564PL-15 
TC5564PL-20 



TIMING WAVEFORMS 

• READ CYCLE (1) 




• WRITE CYCLE 1 (R W Controlled Write) 




TC5564PL-15 
TC5564PI 



• WRITE CYCLE 2 (4) (CE, Controlled Write) 



ceT 









X 


:k 







l AW 










111 


mwwww: 




>,w/i//i//////////m 












W//////M 


Willi 


t 












tew 




-j 


flk 




■( 


r 






t ODW 


V 


W 


) 








^ DATA IN STABLE )^ 





• WRITE CYCLE 3 (4) (CE 2 Controlled Write) 



X 



\\\\\\\Wx\\\\\\\\\\\ : 



CEl 



D OUT 



Din 



t COE 



■iWMMMML. 



tew 




■/ >///////////////////////, 
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Note : 

1 . R/W is High for Read Cycle. 

2. Assuming that CEi Low transition or CE2 High transition occurs coincident with or after R/W Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to R/W High transition, 
outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA RETENTION CHARACTERISTICS (Ta= 30 8B C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


IdDS2 


Standby Current 


Ta = 25-C 




0.01 


0.2 




Ta = 60'C 






1 .0 


M A 


tCDR 


Chip Deselection to Data Retention Mode 









#s 




Recovery Time 


tRCd) 






MS 



Note (1) : Read cycle time. 



CE1 Controlled Data Retention Mode (2) 

V DD 



DATA RETENTION MODE 




• CE2 Controlled Data Retention Mode (4) 



Vdd 

4.5V ■ 



DATA RETENTION MODE 



CE2 

via 



frmrn , 



QND ■ 



Note : 

2 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2 S 
0.2V or CE2 2Vdd-0.2V. 

3 . If the Vih of CEi is 2.2V in operation, during the period that the Vdd Voltage is going down from 4. 5V to 2 .4V, Iddsi 
current flows. 

4. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2SO. 
2V. _occ 



TC5564PL-15 



II I II nil — 



The TC5564PL is an asynchronous RAM using 
address activated circuit technoiogy, thus the inter- 
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 



only row address change, as is shown in the follow- 
ing figure. 

This peak current may 
GND line. Thus the use of 
capacitor every device is recr 
noise. 



nduce the noise on Vdd/ 
about 0. 1//F decoupling 
ommended to eliminate such 



i(mA) 



t 



V DD -S.5V 
V IH = 5.3V 
V IL =0.2V 
HORIZON 200ns 



Fig. 



TYPICAL CURRENT WAVEFORMS 
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TC5564PL-15 



OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

r-j-i r-j-i r|n rjn rjn rjzL rj~i rp rjn rjn r|~i rp lz|zl 



Unit in mm 




NOTES: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 



Note : Toshiba does not assume any responsibility for use of any circuitry described , no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry 
©Aug., 1985 Toshiba Corporation 
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8,192 WORD X 8 BIT CMOS STATIC RAM TC5565PL-12, TC5565PL-15 

TC5565FL-15 



SILICON GATE CMOS 



DESCRIPTION 

The TC5565P is 65,536 bit static random access 
memory organized as 8,192 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1 20ns/ 1 50ns. 

When CE2 is a logical low or CEi is a logical 
high, the device is placed in low power standby 
mode in which standby current is 2/<A typically. The 
TC55 65P has three control inputs . Two chip enables 
(CEi , CE2) allow for device selection and data reten- 
tion control, and an output enable input (OE) pro- 



vides fast memory access. Thus the TC5565P is 
suitable for use in various microprocessor application 
systems where high speed, low power, and bettery 
back up are required. 

The TC5565P also features pin compatibility with 
the 64k bit EPROM (TMM2764D). RAM and EPROM 
are then interchangeable in the same socket, result- 
ing in flexibility in the definition of the quantity of 
RAM versus EPROM in microprocessor application 
systems . 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 



FEATURES 

• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current : 100mA(MAX.) 

• 5V Single Power Supply 

• Power Down Features : CE2, CEi 

• Fully Static Operation 

• Data Retention Supply Voltage 
: 2.0-5. 5V 



(TOP VIEW) 



64k bit EPROM 
TMM2764D 



N.C, [ J 
A12 ( 2 
AT [ 3 
A 6 I « 
A5 I 5 
A4 C 6 
A3 I 7 
A2 I 8 
Al [ 9 
Ao' 10 
I 1 [ 11 
I t> 2 [ 12 
1/33 I 13 
HMD 1 14 



28 3 VLHi 
27 J R/W 
26 1CE2 
25 JA8 
24 ] A9 

23 ] Ai_i 
] OE 
21 1 A10 
20 ] CEI 
19 1 I/C-8 
18 3 I/O7 
17 ) 1/06 
16 1 I/O 5 
15 1 IA>4 




Ao— A12 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


ceT. CE2 


Chip Enable Inputs 


l/Oi ~l/Oa 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 



• Access Time 





TC5565PL-12 
TC5565FL-12 


TC5565PL-15 
TC5565FL-15 


Address Access Time 
(MAX.) 


120ns 


150ns 


CEi Access Time 
(MAX.I 


120ns 


150ns 


CE2 Access Time 
(MAX.I 


120ns 


1 50ns 


Output Enable Time 
(MAX.) 


60ns 


70ns 



• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 Pin DIP : TC5565PL-1 2-'PL-1 5 

• Plastic Flat Package : TC5565FL-1 2 FL-1 5 

• Pin Compatible with 2764 type EPROM 
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TC5565PL-12, TC5565PL-15 

TC5565FL-12, TC5565FL-15 

■■BHHBBHHHHBBHHHHIHlil 

OPERATION MODE 



OPERATION MODE 


CET 


CE 2 


OE 


R/W 


l/Oi-l/Oe 


POWER 


Read 


L 


H 


L 


H 


Dout 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


Idds 


* 


L 


* 


* 


High-Z 


Idds 



* : H or L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-0.3*~7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6" 


w 


TSOLDER 


Soldering Temperature 


260O0 


•C-Sec 


TsTG 


Storage Temperature 


-55-150 


•c 


Topr 


Operating Temperature 


0-70 


•c 



* — 2.0V at Pulse width 1 Ons * * ■■■Flat package 



D. C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 




Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 



D. C and OPERATING CHARACTERISTICS (Ta=0~70"C, Vdd=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN 


TYP. 


MAX. 


UNIT 


lit 


Input Leakage Current 


Vin = 0-Vdd 






±1 .0 


„A 


I OH 


Output High Current 


Voh = 2.4V 


-1 .0 






mA 


lot 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


Ilo 


Output Leakage Current 


CET=Vih orCE2=ViH or 
R/W=Vil or OE=Vih 
Vout=0— Vdd 






±1 .0 


M A 


Iddoi 


Operating Current 


Vdd = 5.5V 
CE7=Vil 
CE 2 =V IH 
Other Input 

= Vih/Vil 


tCYCLE — IpS 






10 


mA 


tcYCLE — Min. cycle 






45 


mA 


IDD02 


Operating Current 


Vdd = 5.5V 
CEi=0.2V 
CE 2 =Vdd-0.2V 
Other Input 
=Vdd-0.2V/0.2V 


tCVCLE= 






5 


mA 


tCYCLE— Min. cycle 






40 


mA 


Iddsi 


Standby Current 


CTTi=Vih orCE 2 =Vn 






3 


mA 


*IdDS2 


Standby Current 


CE1=Vdd-0.2V or 

CE 2 =0.2V 

Vdd = 2.0-5.5V 




2 


100 


*A 



Note : In standby mode with CEii Vdd -0.2V, these specification limits are guaranteed under the condition of CE 2 fe Vdd -0.2V or 
CE 2 S0.2V. -260- 



TC5565PL-12, TC5565PL-15 




SYMBOL 


PARAMETER 


TEST CONDITION 




UNIT 


ClN 


Input Capacitance 


Vin — GND 






COUT 


Output Capacitance 


Vout=GND 


10 


PF 



Note : This parameter periodically sampled is not 100% tested. 



ITa = - 70'C . Vdd = 5V ± 1 0%) 



Read Cycle 



SYMBOL I PARAMETER 


TC5565PL-12 

TEST CONDITION TC5565FL-12 
| MIN. | MAX. 


TC5565PL-15 
TC5565FL-15 UNIT 
MIN. | MAX. 


tRC 


Read Cycle Time 


Vin = 2.4V '0.6 V 
Vih = 2.2V 
Vil = 0.8V 
tr, tfS5ns 
Voh = 2.2V 

Voi=0.8V 

Output Load : Ci.(100pF|and 
1 -TTL Gate 


120 




150 




ns 


tACC 


Address Access Time 




120 




150 


ns 


tcoi 


CEi Access Time 




120 




150 


ns 


tC02 


CE? Access Time 




120 




150 


ns 


tOE 


Output Enable to Output in Valid 




60 




70 


ns 


tCO€ 


Chip Enable (CET. CE?) to 
Output in Low-Z 


10 




10 




ns 


tOEE 


Output Enable to Output Low-Z 


5 




5 




ns 


tOD 


Chip Enable (CEi, CE2)to 
Output in High-Z 




60 




70 


ns 


tODO 


Output Enable to 
Output in High-Z 




50 




60 


ns 


tOH 


Output Data Hold Time 




20 




20 




ns 



Write Cycle 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC5565PL-12 
TC5565FL-12 


TC5565PL-15 
TC5565FL-15 


UNIT 








MIN. 


MAX. 


MIN. 


MAX. 




twc 


Write Cycle Time 


Vin = 2.4V/0.6V 


120 




150 




ns 


twp 


Write Pulse Width 


Vih = 2.2V 


80 




100 




ns 


tew 


Chip Selecion to End of Write 


Vil = 0.8V 


100 




120 




ns 


tAS 


Address Set up Time 


tt. fS5ns 












ns 




Write Recovery Time 














ns 


twRi | Write Recovery Time (CEi. CE2) 




10 




10 




ns 


toow 


R/W to Output High-Z 






50 




70 


ns 


tOEW 


RAW to Output Low-Z 




10 




10 




ns 


tDS 


Data Set Up Time 




50 


— 


60 




ns 


tDH 


Data Hold Time 














ns 


ttJHI 


Data Hold Time (CET, CE2) 




10 




10 




ns 



Note : Input Pulse Levels = Vin 

Timing Measurement Reference Levels^Vm, Vil 
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TIMING WAVEFORMS 

READ CYCLE (1) 



ASDRESSRS 



CEj 



D OUT 



VlH • 

Hh ■ 



Von 



-~~Xvi 



»1L -X 



r - C K 



t COE 




SMMMMMM. 



tODO 



OUTPUT DATA VALID 



WRITE CYCLE 1 (4) (R W Controlled Write) 



ADDRESSES 



R/W 



CEj, 



u OUT 



V IH — V 

v ^ — A. 



X 



V IL " 



t WP 



/ 



f WR 



M//////////////////M 



H)S t 



TC5565PL-12, TC5565PL-15 




Note : 

1 . R/W is High for Read cycle, 

2 . Assuming that CEi low transition of CE2 High transition occurs coincident with or after R/W Low transition , Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE2 Low transition occurs coincident with or prior to R/W High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OETis High for Write Cycle, Outputs are in high impedane state during this period. 



DATA RETENTION CHARACTERISTICS (Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


IODS2 


Standby Supply Current 


TC5565PL-12 
PL- 15 
FL-12 
FL-15 


Vod = 3.0V 






50 


*A 


Vdd=5.5V 






100 


«A 


tCOH 


Chip Deselection to Data Retmion Mode 











tR 


Recovery Time 


tRCUl 









Note (1) : Read cycle time. 



• CE1 Controlled Data Retention Mode (2) 



4.5 V 




OND 



• CE2 Controlled Data Retention Mode (4) 




OND 
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Note : 

2. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2SO. 
2V or CE2SVDD-O.2V. 

3. If the Vih of CEi is 2.2V in operation. Iddsi current flows the period that the Vdd voltage is going down from 4.5V 
to 2.4V. 

4. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2SO. 
2V. 



The TC5565P is an asyncnronous RAM using address activated circuit technology, thus the internal operation 
is synchronous. Then once row address change occur, the percharge operation is executed by internal pulse 
generated from row address transient. Therefore the peak current flows only after row address change, as shown 
in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about O.I^F. decoupling 
capacitor for every device is recommended to eliminate such noise. 



ADDRESSES 



(mA) 
60 
40 
20 



v DD =asv 

V IH = &3V 



v It ,= a2v 

Horizon 200nS/div 



Fig. TYPICAL CURRENT WAVEFORMS 
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TC5565PL-12, TC5565PL-15 
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OUTLINE DRAWINGS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 15 




Note : Lead pitch is 2.54 and tolerance is +0.25 against theoretical center of each lead that is obtained on the basis 
of No. 1 and No. 28 leads. 



• MFP 28 PIN OUTLINE DRAWING (F28GC-P) 



nnnnnnnnnnnnnn 

LILIULIUUULILIULIUUU 









X 

< 


<n 






18.9MAX 


S 






I " 


+1 


















0.43±0.1 




1.27 + 0.05 ^ 



























Note : Lead pitch is 1 .27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis 
of No. 1 and No. 28 leads. 



Note Toshiba does not assume any responsibility 'or use of any circuitry described . no circuit patent Ircenses are implied, and Toshiba reserves the right, at any i.me 

without nonce, to change said circuitry. 
CAug.. 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



8.192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 



TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L, TC5565FL-15L 



DESCRIPTION 

The TC5565P F is 65.536 bit static random 
access memory organized as 8, 192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA'MHz and maximum 
access tmne of 1 20ns/1 50ns. When CE: is a logical 
low or CEi is a logical high, the device is placed in 
low power standby mode in which standby current is 
0.6//A typically. The TC5565P/F has three control 
inputs. Two chip enables (CEi , CEi) allow for device 
selection and data retention control, and an output 



enable input (OE) provides fast memory access. Thus 
the TC5565P/F is suitable for use in various micro- 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5565P also features pin compatibility with 
the 64k bit EPROM (TMM2764D). RAM and EPROM 
are then interchangeable in the same socket, result- 
ing in flexibility in the definition of the quantity of 
RAM versus EPROM in microprocessor application 
systems . 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 



FEATURES 

• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current : l/iA(Max.) Ta = 25*C 

• 5V Single Power Supply 

• Power Down Features : CE2. CEt 

• Fully Static Operation 

• Data Retention Supply Voltage 
: 2.0-5. 5V 



(TOP VIEW) 



• Access Time 




PIN NAMES 



Ao~Ai2 


Address Inputs 


R/W 


ReadAA/rite Control Input 


OE 


Output Enable Input 


CE,, CEi 


Chip Enable Inputs 


I/O, -l/Os 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 





TC5565PL-12L 
TC5565FL-12L 


TC5565PL-15L 
TC5565FL-15L 


Address Access Time 
(MAX.) 


120ns 


1 50ns 


CEi Access Time 
(MAX.) 


120ns 


150ns 


CE2 Access Time 
(MAX.) 


120ns 


150ns 


Output Enable Time 
(MAX.) 


60ns 


70ns 



• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 Pin DIP : TC5565PL-1 2L/PL-1 5L 

• Plastic Flat Package : TC5565FL-1 2L/FL-1 5L 

• Pin Compatible with 2764 type EPROM 



\QRAM 
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TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L, TC5565FL-15L 



OPERATION MODE 



OPERATION MODE 


CE, 


CE S 


OE 


R/W 


l/Oi-l/O. 


POWER 


Read 


L 


H 


L 


H 


Do JT 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


IODS 


* 


L 


* 


* 


High-Z 


Idds 



* : H or L 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-0.3--7.0 


V 


Vi,o 


Input and Output Voltage 


-0.5~Vdd + 0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6" 


w 


TsOLDEfl 


Soldering Temperature 


260-10 


C-Sec 


Tstg 


Storage Temperature 


-55-150 


•c 


Topr 


Operating Temperature 


0- 'C 


•c 



* -2.0V at Pulse width 10ns 

* * --Flat package 



D OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN, 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 




Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


VOH 


Data Retention Supply Voltage 


2.0 




5.5 


V 
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D. C and OPERATING CHARACTERISTICS (Ta = 0-70 C. Vdd=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN . 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0~Vdd 






±1.0 


M A 


lOH 


Output High Current 


Voh = 2.4V 


— 1 .0 






mA 


lOL 


Output Low Current 


Vol = 0.4V 


4.0 


- 


- 


mA 


Ilo 


Output Leakage Current 


CE7=Vih or CE 2 =Vil or 
R/W=Vil or OE = Vih 
Vout^ 0— Vdd 






+ 1.0 


//A 


Idooi 


operating Current 


Vdd = 5.5V 

CE7=Vil 

CE 2 =Vih 

Other lnput=ViH/ViL 


tCYCLE = 1 /*S 






10 




tcvcLE = Min. cycle 






45 


mA 


I0002 


Operating Current 


Vdd = 5.5V 

ClT=0.2V 

CE 2 =Vdd-0.2V 

Other Input 

= Vdd-0.2V/0.2V 


tCYCLE" '^S 






5 




tcycLE-Min. cycle 






40 


mA 


toosi 


Standby Current 


CEi=Vih or CE,=Vil 






3 


mA 


'IDDS2 


Standby Current 


CEi=Vdd-0.2V or 
CE 2 =0.2V 


Ta = 25'C 




0.6 


1 .0 




Ta = 0~70*C 






30 



Note : In standby mode with CEiS;Vdd-0.2V, these specification limits are guaranteed under the 

CE2SO.2V. 



dition of CE 2 6Vdd-0.2V or 



CAPACITANCE (Ta = 25C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin — GND 




10 


pF 


COUT 


Output Capacitance 


Vout=GND 




10 


pF 


Note : This parameter periodically sampled is not 100% tested. 
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A. C. CHARACTERISTICS (Ta = 0-70 C. Vdd = 5V± 10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC5565PL-12L 
TC5565FL-12L 


TC5565PL-15L 
TC5565FL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX 


tec 


Read Cycle Time 


Vin = 2.4V/0.6V 
V,h = 2.2V 
Vil = 0.8V 
tp, tF^5ns 
Voh = 2.2V 

Vol = 0.8V 

Output Load : dOOOpF) and 
l-TTL Gate 


1 20 




1 50 




ns 


tACC 


Address Access Time 




1 20 




1 50 


ns 


tco, 


CE, Access Time 




120 




150 


ns 


tco, 


CE 2 Access Time 




120 




150 


ns 


tOE 


Output Enable to Output in Valid 




60 




70 


ns 


tCOE 


Chip Enable (CE~i. CE 2 ) to 
Output in Low-Z 


10 




10 




ns 


tOEE 


Output Enable to Output Low-Z 


5 




5 




ns 


too 


Chip Enable (CEi, CE 2 ) to 
Output in High-Z 




60 






ns 


tooo 


Output Enable to 
Output in High-Z 




50 




60 


ns 


tOH 


Output Data Hold Time 


10 




10 




ns 


Write CyC: 


e 




SYMBOL 


PARAMETER 


TEST CONDITION 


TC5565PL-12L 
TC5565FL-12L 


TC5565PL-15L 
TC5565FL-15L 


UNIT 


MIN. 


MAX 


MIN 


MAX. 


twc 


Write Cycle Time 


Vin = 2.4V/0.6V 
Vih = 2.2V 
Vn = 0.8V 
tR. tfS5ns 


120 




150 




ns 


tWP 


Write Pulse Width 


80 




100 




ns 


tew 


Chip Selection to End of Write 


100 




120 




ns 


Us 


Address Set up Time 












ns 


tWB 


Write Recovery Time 












ns 


tWRt 


Write Recovery Time {CEi . CE2) 


10 




10 




ns 


tODW 


R/W to Output High-Z 




50 




70 


ns 


tOEW 


R/W to Output Low-Z 


10 




10 




ns 


tDS 


Data Set Up Time 


50 




60 




ns 


tOH 


Data Hold Time 












ns 


tDHI 


Data Hold Time (CE7. CE 2 ) 


10 




10 




ns 



Note : Input Pulse Levels = ViN 

Timing Measurement Reference Levels = ViH, Vil 
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T 



• WRITE CYCLE 2 (4) (CE, Controlled Write) 



VlH — \ C 

vn.- A 



R/W 



CE 2 



OEi 



VlL 

VlH — 
VlL — 

*m —~ 

VlL — 



D IN 



VlH ■ 
VlL ■ 



two 



X 



twp 



tWRl 



tew 



tCOE 



tQDW 



/ 



XDATA IN J 
STABLE f\ 



• WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES VlH \ 
VlL- A 



twe 



X 



R/W 



VlH 
VlL 

VlH- 
VlL- 



I \\\\\\\\\\^\\\\\\\\\\\ - 



tew 



V 



D 00T 



"IN 



tWRl 



ft 



L DS _ L DH 1 

DATA IN X/ 
STABLE f \ 




Note : 

1 . R/W is High fqr_Read Cycle. 

2 . Assuming that CEi Low transition of CE2 High transition occurs coincident with or after R/W Low transition , Outputs 
remain in a high impedance state. 

3. Assuming that CTi High transition or CE2 Low transition occure coincident with or prior to R/W High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle. Outputs are in high impedance state during this period. 



(Ta = 0-70-C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 


IDDS2 


Stand by Supply Current 


Vdd = 3.0V 






15 


„A 


Vdd=5.5V 






30 


tCDR 


Chip Deselection to Data Retention Mode 









/<s 


tR 


Recovery Time 


1 


tac(1) 









Note (1) : Read cycle time. 
• CEi Controlled Data Retention Mode (2) 




OND 



• CE2 Controlled Data Retention Mode (4) 
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warn 



Note : 

2 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2S 
0.2V orCE22VDD-0.2V. ■ 

3. If the Vih of CEi is 2.2V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2 .4V. 

4. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2S 
0.2V. 



The TC5565P/F is an synchronous RAM using 
address activated circuit technology, thus the inter- 
nal operation is synchronous. Then once row 
address change occur, the percharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
1^iF decoupling capacitor for every device is 
recommended to eliminate such noise. 

» DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



I DDO 

Cm*) 30 



V DD =55V 
Y IR =i3V 
%*■*•» 

Horizon lOOnS/div 



Fig. TYPICAL CURRENT WAVEFORMS 




Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No. 1 and No. 28 leads. 

► MFP 28 PIN OUTLINE DRAWING (F28GC-P) 

nnnnnnnnnnnnnn. 




3\J 



Note : Lead pitch is 1 .27 and tolerance is ±0. 1 2 against theoretical center of each lead that is obtained on the basis 
of No. 1 and No. 28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

65.536 WORD X 1 BIT CMOS STATIC RAM TC5561P-55 

TC5561P-70 



SILICON GATE CMOS 



The TC5561P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and Operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 55ns/70ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5561 P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the 



operating current is reduced from 1 00mA to 1 OO^A. 

The TC5561 P is suitable for use in main memory 
of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5561P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per- 
formance and high reliability. 



FEATURES 

• Fast access time : TC5561 P-55 55ns(MAX.) 

TC5561P-70 70ns(MAX.) 

• Low power dissipation : Operation 100mA(MAX.) 

Standby100^A(MAX.) 

• 5V single power supply 



• Fully static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

• Package: 22 pin standard plastic package, 
300mil width 



INECTION (TOP VIEW) 



BLOCK DIAGRAM 



AO I 


1 ^ 


22 


l V DD 


A1 C 


2 


21 


IA15 


A2[ 


3 


20 


|A14 


A3[ 


4 


ID 


IA13 


A4t 


5 


18 


IA12 


asc 


6 


17 


IA11 


A6l 


7 


16 


IA10 


A7l 


8 


15 


JA9 


D OUTl 


y 


14 


]A8 


V»E[ 


10 


13 




(JNDI 


11 


12 


Ice 



(30 0mi 1 DIP) 




MEMORY CKLL 
ARRAY 

256> 256 



r— COLUMN DECODUIR 



A8 A9 A10A11A12 A 13 A 14 A 15 



Ao-Ats 


Address Inputs 


Din 


Data Input 


Dout 


Data Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


Vdd 


Power ( + 5V) 


GND 


Ground ' 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vim 


Input Voltage 


-2.0-7.0 


V 




Input and Output Voltage 


-0.5-VDD + 0.5 


V 


Pd Power Dissipation 


650 


mW 


Tsoldeh 


Soldering Temperature 


260 ■ 10 


*C*sec 


Tstg 


Storage Temperature 


-65-150 


c 


Topr 


Operating Temperature 


- 70 


c 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 




Vdd + 0.3 


V 


Vi 


Input Low Voltage 


-3.0 




0.8 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 0-70C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN . 


TYP 


MAX. 


UNIT 


llN 


Input Leakage Current 


Vin = 0-Vdd 






± 1 


M A 


I OH 


Output High Current 


Voh = 2.4V 


-8 






mA 


l0L 


Output Low Current 


Vol = 0.4V 


8 






mA 


Ilo 


Output Leakage Current 


CE = Vih or WE = Vil 
Vour=0 — Vdo 






±1 .0 


„A 


Iddo 


Operating Current 


Vdd=5.5V, tcvcie = Min cycle. 
CE = Vu. 

Other lnput = Vi H /ViL 






100 


mA 


Iddsi 


Standby Current 


CT=V|H 






2 


mA 


IDDS2 


CE=Vdd-0.2V 






100 





CAPACITANCE (Ta = 25C) 



S'l MBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin — GND 


10 


pF 


CoUT 


Output Capacitance 


Vour=GND 


10 


pF 



Note : This parameter periodically sampled is not 100% tested. 
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TC5561 P-55 



A. C. CHARACTER!' 

Read Cycle 



: (Ta=0~70"C, Vdd=5V±10%) 



SYMBOL 


PARAMETER 




UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


55 




70 




ns 


tACC 


Address Access Time 




55 




70 


tco 


Chip Enable Access Time 




55 




70 


tCOE 


Chip Enable to Output in Low-Z 


5 




5 




tCOD 


Chip Disable to Output in High-Z 




30 




30 


tOH 


Output Data Hold Time 


5 




•5 




• 1 1 

Write Cycle 


SYMBOL 


PARAMETER 


TC5561P-55 


TC5561P-70 


UNIT 


MIN. 




MIN . 


MAX. 


twc 


Write Cycle Time 


55 




70 




ns 


twp 


Write Pulse Width 


35 




35 




tew 


Chip Enable to End of Write 


35 




3 b 




tAS 


Address Set up Time 












twR 


Write Recovery Time 












tODW 


WE to Output Low-Z 




• 




30 


tOEW 


WE to Output High-Z 


5 




5 




tDS 


Data Set up Time 


35 35 




tDH 


Data Hold Time 


1 i 





? V DD 



Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 

Reference Levels 


1 5V 


Output Load 


See Fig. 1 



30pF -i- 



Fig.l Output Load 



TC5561P-55 



■HI 



TIMING WAVEFORMS 

READ CYCLE (1) 



IDC 



DC 



t ACC 



D OUT 



tC0E 



W77ZY / W7777 / 



t coc 



^•^K OUTPUT DATA VALID 



• WRITE CYCLE 1 (WE Controlled Write) 



zx 



*K0 



m m , / 



\\\\\\\\\\\\\\ 



//////////////////////, 



DATA IN 
STABLE 



• WRITE CYCLE 2 (CE Controlled Write) 



ZX 



OUT 

Din 



///////////////////A 



X 



X Mkl* X 



Note^ 

1 . WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 
impedance state . 

3 . Assuming that CE High transition occurs coincident with or prior to WE High transition , Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TC5561 P-55 
THRRfil P-70 



OUTLINE DRAWINGS 
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TC5561P-55 



Note Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



PRODUCTS 

TC5562P-45 
TC5562P-55 



>N 

The TC5562P is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 45ns/55ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5562P also features and automatic stand- 



by mode. When deselected by chip Enable(CE), the 
operating current is' reduced from 100mA to 20mA. 

The TC5562P is suitable for use in main memory 
of high speed/high density are required. 

The TC5562P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5562P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per- 
formance and high reliability. 



FEATURES 



3 lime: TC5562P-45 45ns(MAX.) 
TC5562P-55 55ns(MAX.) 

• Low power dissipation : Operation 1 00mA(MAX . ) 

Standby 20mA(MAX.) 

• 5V single. power supply 



• Fully Static operation 

• Directly TTL compatible 

• I/O separate 

• Package : 22 pin standard 

300mil width 



All Input and Output 
plastic package, 



(TOP VIEW) 




(300mil DIP) 




MEMORY CELL 
ARRAY 
256-256 



COLUMN DECODKR 



A8 A9 A10A11A12A13A14A15 



D OUT 



PIN NAMES 



Ao— A15 


Address Inputs 


Den 


Data Input 


Dout 


Data Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


Vdd 


Power ( + 5V) 


GND 


Ground 
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TC5562P-45 




MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vim 


Input Voltage 


-2.0-7.0 


V 


Vi.o 


Input and Output Voltage 


-0.5-VDD+0.5 


V 


Pd 


Power Dissipation 


650 


mW 


TsOLDER 


Soldering Temperature 


260 • 10 


C-sec 


TsTG 


Storage Temperature 


-65-150 


•c 


Topfl 


Operating Temperature 


0-70 


C 



D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 




Vdd + 0.3 


V 


Vn 


Input Low Voltage 


-3.0 




0.8 


V 


Vdh 


Data Retention Supply Voltage 


2 




5.5 


V 



D. C and OPERATING CHARACTERISTICS (Ta = 0~70C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. | TYP. 


MAX. 


UNIT 


III. 


Input Leakage Current 


Vin = 0~Vdd 






±1 .0 


/-A 


I0H 


Output High Current 


Voh = 2.4V 


-8 






mA 


In. 


Output Low Current 


Voi=0.4V 


8 






mA 


Ilo 


Output Leakage Current 


CE=Vih or WE = Vil 
Vout=0-Vdd 






±1.0 


M A 


Iddo 


Operating Current 


Vdd = 5.5V, tcycle=Mm cycle, 
CE=Vil 

Other Input-ViH/Vn 






100 


mA 


Iddsi 


Standby Current 


CE=V| H 






20 


mA 


IDDS2 


CE=Vdd-0.2V 

Other lnput=VDD-0.2V or 0.2V 






2 



CAPACITANCE (Ta = 25'C) 



symbol 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin — GND 


10 


pF 


Cqut 


Output Capacitance 


Vout=GND 


10 


pF 



Note : This parameter periodically sampled is not 100% tested. 



A. C. CHARACTERISTICS 

Read Cycle 



(Ta = 0-70C. Vdo=5V±10%) 



SYMBOL 


PARAMETER 


TC5562P-45 | TC5562P-5B 


UNIT 


MIN, 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


45 




55 




ns 


tACC 


Address Access Time 




45 




55 


tco 


Chip Enable Access Time 




45 




55 


tCOE 


Chip Enable to Output in Low-Z 


5 




5 




tCOD 


Chip Disable to Output in High-Z 




25 




30 


tOH 


Output Data Hold Time 


5 




5 




Write Cycle 






SYMBOL 


PARAMETER 


TC5562P-45 


TC5562P-55 


UNIT 


MIN. 


MAX. 


MINI 


MAX. 


twc 


Write Cycle Time 


45 




55 




ns 


twp 


Write Pulse Width 


30 




35 




tow 


Chip Enable to End of Write 


30 




35 




Us 


Address Set up Time 












tWR 


Write Recovery Time 












tODW 


WE to Output Low-Z 




25 




30 


tOEW 


WE to Output High-Z 


5 




5 




tDS 


Data Set up Time 30 


35 




toH Data Hold Time — — 





A. C. TEST CO 



Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 

Reference Levels 


1 .5V 


Output Load 


See Fig. 1 




D OUT 



TIMING WAVEFORMS 

• READ CYCLE (1) 



D OUT 



ZD 

\\\\\ 


^RC 


t > 


< 


t ACC 


y///// 


t OH 


'///////. 




L tno 


///// 




^COE j 


l COD 







( OOTPnT DATA VALID ) 





• WRITE CYCLE 1 (WE Controlled Write) 



ZX 



WE 



CE 











/ 






t cw 




/ 




l ODW 






r OEW 




) 


— 

1 D| 








< 



• WRITE CYCLE 2 (CE Controlled Write) 

Address ) ^~ 



C"E 



'COE 



/////////////////////A 



Note j 

1 . WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior WE High transition. Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TC5562P-45 



22 21 20 19 18 17 16 15 14 13 12 

nnnnnrnnnnnn 



Unit in mm 



f 



ULJLJl_IL_ll_|jl-JL_1LJI_J 

123 456 78 9 



f 










°- 25 -0.05~ 



Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No. 22 
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TC5562P-45 
21 



P-55 



Note ; 
©Aug.. 



Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 
1985 Toshiba Corporation 



TOSHIBA MOS MEMORY PRODUCTS 

TC55257P-10/PL-10 
TC55257P-12/PL-12 



32,768 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



The TC55257P is 262,144 bit static random 
access memory organized as 32,768 words by 8 
bits using CMOS technology, and operated a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and mimimum cycle 
time of 100ns/ 1 20ns. 

When CE is a logical high, the device is placed in 
low power standby mode in which standby current is 



PRELIMINARY 

2^A typically. The TC55V257P has two control 
inputs. Chip enable input (CE) allow for device selec- 
tion and data retention control, and an output enable 
input (OE) provides fast memory access. Thus the 
TC55257P is suitable for use in various micro- 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC55257P is offered in a dual-in-line 28 pin 
standard plastic package. 



FEATURES 

• Low Power Dissipation 
27.5mW/MHz(Max.) Operating 

• Standby Current 

100//A(Max.) : TC55257PL-1 O/PL-1 2 
1mA(Max.) TC55257P-1 O/P-1 2 

• 5V Single Power Supply 

• Power Down Feature : CE 

• Data Retention Supply Voltage : 2.0-5. 5V 

(TOP VIEW) 



• Access Time 



A14[ 1 
Alii I 2 
ATI 3 
A6[ 4 
A5[ 5 
4*1 .6 
A3 [ 7 
AZl 8 
All 9 
AU t 1( 

i/oil x 
1/03 [ i; 



23 1 V UD 
S7 I iVW 
] A13 

U8 

1A9 

I OE 

] A10 

its 

] 1/08 

] 1/07 

] 1/06 

1 1/05 

I 1/04 



Ao~Ai4 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CfT 


Chip Enable Input 


l/Oi -I/Ob 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 





TC55257P-10 
TC55257PL-10 


TC55257P-1 2 
TC55257PL-12 


Access Time (MAX.) 


100ns 


120ns 


CE Access Time 
(MAX.) 


100ns 


120ns 


Output Enable Time 
(MAX.) 


50ns 


60ns 



• Directly TTL Compatible : All Inputs and Outputs 

• Standard 28 pin DIP 

BLOCK DIAGRAM 
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OPERATION MODE 


CE 


OE 


R/W 


i/o.-i/o. 


POWER 


Read 


L 


L 


H 


Dout 


Iddo 


Write 


L 




L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


High-Z 


Idds 



* ) H or L 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


VlN 


Input Voltage 


-2.0-7.0 


V 


Vim 


Input and Output Voltage 


-0.5-Vdd+0.5 


V 


Pd 


Power Dissipation 


1 .0 


w 


TsOLDEH 


Soldering Temperature 


260-10 


"C-sec 


TsTG 


Storage Temperature 


-55-150 


■c 


Topfl 


Operating Temperature 


0-70 


C 



D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 




Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 




5.5 


V 



(Ta=0-70-C. Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Leakage Current 


Vin = 0-Vdd 






±1 .0 


*A 


I OH 


Output High Current 


Voh = 2.4V 


-1.0 






mA 


I0L 


Output Low Current 


Vol = 0.4V 


4.0 






mA 


Ilo 


Output Leakage Current 


CE = Vm or R/W = Vil or OE=Vih 
Vout = — Vdd 






±1.0 


«A 


Iddoi 


Operating Current 


Voo = 5.5V 
CE-Vil. R/W= Vih 
Other Input 
= Vih/Vii 


tcvcle= I^S 






10 


mA 


tcycle = 

Min. cycle 






45 


IDD02 


(Read Cycle)* 


Vdd=5.5V 

CE = 0.2V 

R/W = Vdd-0.2V 

Other Input 

=Vdo-0.2V/0.2V 


tcycle— 1 flS 






5 


mA 


tcvcle = 

Min. cycle 






40 


Idosi 


Standby Current 


CE = V,h 






3 


mA 


IdOS2 


Standby Current 


CE=Vdd-0.2V 
Vdd = 2.0-5.5V 


TC55257PL 




2 


100 


„A 


TC55257P 






1 .0 


mA 



* Assuming that R/W is Low for Write Cycle, the current consumption is twice as much as that when R/W is High for Write Cycle. 
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CAPACITANCE (Ta = 25"C, f= 1 MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin-GND 


10 


pF 


COUT 


Output Capacitance 


Voy T =GND 


10 


pF 



Note : This parameter periodically sampled is not 1 00% tested . 




(Ta = 0~70-C. Vdd=5V±10%) 



Read Cycle 









TC55257P-10 


TC55257P-12 




SYMBOL 


PARAMETER 


TEST CONDITION 


TC55257PL-10 


TC55257PL-12 


UNIT 








MIN. 


MAX. 


MIN. 


MAX. 




tRC 


Read Cycle Time 


Vin = 2.4V/0.6V 


100 




120 






tACC 


Address Access Time 


Vih = 2.2V 




100 




170 




tco 


CE Access Time 


Vil = 0.8V 




100 




120 




tOE 


Output Enable to Output in Valid 


tr. US 10ns 




50 


"Z 


60 




tCOE 


Chip Enable(CE}to Output in Low-Z 


Voh = 2.2V 


10 




10 




ns 


tOEE 


Output Enable to Output Low-Z 


Voi = 0.8V 


5 




5 






tOD 


Chip Enable (CE) to Output in 
High-Z 


Output Load : Ci(100pF)and 
1 TTL Gate 




50 




60 




tODO 


Output Enable to Output in 
High-Z 






40 




50 




tOH 


Output Data Hold Time 




10 




10 






Write Cycle 








TC55257P-10 


TC55257P-12 




SYMBOL 


PARAMETER 


TEST CONDITION 


TC55257PL-I0 


TC55257PL-12 


UNIT 








MIN. 


MAX. 


MIN . 


MAX. 




twc 


Write Cycle Time 


Vin = 2.4V/0.6V 
Vih = 2.2V 


100 




120 






tWP 


Write Puise Width 


70 




80 






tew 


Chip Selection to End of 
Write 


Vil=0.8V 


90 




100 






Us 


Address Set up Time 


t,. tiSIOns 














tWR 


Write Recovery Time 
















tODW 


R/W to Output High-Z 






50 




60 


ns 


tOEW 


RAW to Output Low-Z 




10 




10 






tDS 


Data Set Up Time 




40 




50 






tOH 


Data Hold Time 

















Note : Input pulse levels = ViN 

Timing Measurement Reference levels -Vih, Vh 
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TC55257P-10/PL-10 
TC55257P-1 2/PL-1 2 



TIMING WAVEFORMS 

READ CYCLE (1) 



D<)UT 



VOH 

Vol 







/ 


'////////////, 


'/////////, 
















vi ^OE 


A 


W//////// 


//// 


'//Mi 




T -OEE 






tQDO 






t COE . 




OUTPUT DATA VALID 


um 



WRITE CYCLE 1 (4) (R W Controlled Write) 



ADDRESSES 



V IH 
VlL 

VlH 
V IL 

VlH 
V IL 



:z>: 



X 



/ 



tew 



tQDW 



D OUT 



Din v ih 



(3) 
Y ft n/i, 



VlL — 



^( DATA IN STABLE 



TC55257P-10/PL-10 
TC55257P-1 2/PL-1 2 



WRITE CYCLE 2 (4) (CE Controlled Write) 

v,„_ y 







it 



r 



data in stab 



Note : 1 . R/W is High for Read cycle. 

2 . Assuming that CE low transition occurs coincident with or after R/W Low transition , Outputs remain in a high 
impedance state. 

3 . Assuming that CE High Transition occurs coincident with or prior to R/W High transition , Outputs remain in 
a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA RETEiy 



(Ta = 0-70-C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Voh 


Data Retention Supply Voltage 


2.0 




5.5 


V 






TC55257PL 


Vdd = 3.0V 






50 


„A 


I DOS: 


Standby Supply Current 


Vdd=5.5V 






100 






TC55257P 






1 .0 


mA 


tCDR 


Chip Deselection to Data Retention Mode 















Recovery Time 


tRCHI 







Note (1) : Read cycle time. 

CE Controlled Data Retention Mode 




PAT* RET EOT [OB V IDE 



V DD -0.3V 




Note (2) : If the Vih of CE is 2.4V in operation. Iddsi current flows during the period that the Vdp voltage is going down from 
4.5V to 2.4V. 
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28 27 2625 24 23 22 2120 la 18 17 16 15 



R l.t 



-■ ■ — — ■ 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



Unit in mm 




NOTES : Each lead pitch is 2 . 54mm . All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No. 28 leads. 



Note 
£Aug.. 



Toshiba does nol assume any responsibility for use of any circuitry described 
without notice, to change said circuitry 
1985 Toshiba Corporation 



no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 



TMM2764D-15, TMM2764D-2 
TMM2764D 



N 

The TMM2764D is a 8192 word x8 bit ultraviolet 
light erasable and electrically programmable read 
only memory. For read operation, the TMM2 764D's 
access time is 1 50ns(TMM2764D-1 5)/200ns 
(TMM2764D-2)/250ns(TMM2764D), and the 
TMM2764D operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 



The standby mode is achieved by applying a TTL- 
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. For program 
operation, the programming is achieved by applying 
a 50ms active TTL low program pulse to the PGM 
input, and it is possible to program seguentially, 
individually, or at random. 



• Single 5-volt power supply 

• Fast access time : TMM 2764D-1 5 : 150ns(Max.) 

TMM2764D-2 : 200ns(Max. ) 
TMM2764D : 250ns(Max.) 

• Power dissipation : 100mA (active current) Max. 

25mA (standby current) Max. 

• Low Power standby mode : CE_ 

• Output buffer control : OE 



(TOP VIEW) 




• Fully static operation 

• Programs with one 50ms pulse or 
high speed programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM 
TMM2364P 



RAM 



Ol °2 3 4 & 6 7 



OE 








pom 








ai 








A3 




*4 




As 




A© 




Av 




AS 




Ag 




Aio 





OE CE airi POM 

CIRCUIT 




OUTPUT BUFFERS 


I I 




t 



COLUMN 


32 


COLUMN I/O 


DECODER 




CIRCUIT 


1 




\ 


ROW 




MEMORY CELL 




ARRAY 

8192XB bits 


DECODER 





MODE SELECTION 



Ao-A,» 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N. C. 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


VccSupply Voltage ( + 5V) 


GND 


Ground 



PIN 

MODE^\ 


PGM 

(27) 


CE 
(20) 


OE 

(22) 


Vpp 
(1) 


Vcc 
(281 


Oo-O? 
(11-13. 15-19) 


POWER 


Read 


H 


L 


L 






Data Out 




Output 
Deselect 








5V 


High Impedance 




Standby 


* 


H 


* 






High Impedance 


Standby 


Program 


L 


L 


* 






D ita In 




Program 


* 


H 


* 


21V 


5V 


High Impedance 


Active 




H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 






Data Out 





Note * : H or L 
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TMM2764D-15, TMM2764D-2 




MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-22.0 


V 


Vin 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


w 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


"C-sec 


TstRG 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


0-70 


c 



READ OPERATION 




SYMBOL 


PARAMETER 


MIN. 


Vi P 


MAX. 


UNIT 


V,H 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


Vcc+0.6 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 0-70-C. Vcc = 5V±5%. Unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN 


TYP. 


MAX 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 






±10 


„A 


Icci 


Supply Current (Standby) 


CE = Vih 






25 


mA 


ICC2 


Supply Current (Active) 








100 


mA 


VOH 


Output High Voltage 


Ioh=-400^A 


2.4 






V 


Vol 


Output Low Voltage 


loL=2.1mA 






0.4 


V 


Ippi 


Vpp Current 


Vpp = 0-Vcc + 0.6 






±10 


„A 


Ilo 


Output Leakage Current 


Vout = 0.4-Vcc 






±10 


„A 




(Ta = 0~70'C, Vcc = 5V±5%. Vpp=2.0V-Vcc + 0.6V. Unless otherwise noted) 



SYMBOL 


PARAMETER 


TMM2764D-15| TMM2764D-2 


TMM2764D 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 




150 




200 




250 


ns 


tCE 


CE to Output Valid 




150 




200 




250 


ns 


tOE 


OE to Output Valid 




70 




70 




100 


ns 


tPGM 


PGM to Output Valid 




70 




70 




100 


ns 


tDFl 


CTto Output in High-Z 





60 





60 





90 


ns 


tDF2 


OE to Output in High-Z 





60 





60 





90 


ns 


tDF3 


PGM to Output in High-Z 





60 





60 





90 


ns 


tOH 


Output Data Hold Time 

















ns 



A C Test Conditions 

• Output Load : 1 TTL Gate and Cl= 100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.8V to 2.2V 

• Timing Measurement Reference Level : Inputs 1V and 2V, Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25C\ f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 




4 


6 


pF 


COUT 


Output Capacitance 


Vout=OV 




8 


12 


pF 



* This paramater is periodically sampled and is not 100% tested. 



A o ~ A 12 



~ °7 



PROGRAM OPERATION 




SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V,H 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21 .5 


V 



(Ta = 25±5'C, Vcc = 5V±5%, Vpp = 21 V + 0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION ■ 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


V, N = 0~Vcc 






±10 


*A 


VOH 


Output High Voltage 


Ioh=-400^A 


2.4 






V 


Vol 


Output Low Voltage 


loL = 2.1mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp=21 5V 






30 


mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5'C. Vcc = 5V±5%. Vpp=21 V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Us 


Address Setup Time 




2 







flS 


tAH 


Address Hold Time 




2 







0* 


tCES 


CE Setup Time 





2 






)tS 


tCEH 


CffHold Time 




2 







lis 


tDS 


Data Setup Time 


_ 


2 


_ 




lis 


tDH 


Data Hold Time 





2 







flS 


tps 


PGM Setup Time 




2 






us 


tPH 


PGM Hold Time 




2 






lis 


tOES 


OE Setup Time 




2 




_ 


/IS 


tvs 


Vpp Setup Time 




2 






/IS 


tpw 


Program Pulse Width 


PGM = CE=Viu 


45 


50 


55 


ms 


tcp 


Program Recovery Time 











us 


tPRT 


Program Pulse Rise Time 




5 






ns 


tPFT 


Program Pulse Fall Time 




5 








tCE 


CE to Output Valid — 




250 




tOE 


OE to Output Valid 








100 


ns 


tDF1 


CTto Output in High-Z 


OE = Vil 






90 


ns 


tDF2 


OE to Output in High-Z 


cT=v,l 






90 


ns 



A. C. Test Conditions 

• Output Load : 1 TTL Gate and ClOOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels :0.8~2.2V 

• Timing Measurement Reference Level : Input 1 V and 2V ; Output 0.8V and2 ,0V 
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TIMING WAVEFORMS (PROGRAM) 

• PROGRAM OPERATION 1. (Vpp = 21 V±0.5V) 



*0 ~ *12 





t — = 


X 


l AS 










t CEH y 


?///////////, 














tpF2 






/ 

l DF 1 


t DFS 


UNKNOWN ^ ^ 


D in STABLE 


-c HIOH Z /' _ 


LID 


) 


t DS 


\ 


tpw 






3 

t PF T 


7 






v///////- - 





PROGRAM OPERATION 2. (Vpp=21 V + 0.5V) 



A ~ *12 



*AS „ . 



\ / 



POM 



- 7 



A 



{ AH 



% 0E 



X 



\ /I 

| . t CE . | t 



D, n STABLE 



> 



^ D out VALID ^> 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. 



When the switching pulse voltage is applied to the Vpp terminal , the overshoot voltage of its pulse should not 
be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMM2764D's erasure is achieved by apply- 
ing shortwave .ultraviolet light which has a wave- 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (Ultraviolet light intensity 
[w/cm ! ] x exposure time [sec. ] ) for erasure should 
be a minimum of 1 5 [W. sec/cm 2 ] . 

When the Toshiba sterilizing lamp GL-1 5 ts used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

And using commercial lamps whose ultraviolet 



light intensity is a 1 2000 [//w/cm 2 ] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated does is 12000 [//w/cm 2 ] x (20x60) 
[sec] s 15 [w-sec/cm 2 ] .) 
The TMM2764D's erasure begins to occur when 
exposed to light with wavelength shorter than 
4000A. The sunlight a,nd the flourescent lamps will 
include 3000-4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opaque seals-Toshiba 
EPROM Protect Seal AC901-are available. 



The TMM2764D's six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 





PGM 
(27) 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-Oy 
(11-13, 15-19) 


POWER 


READ 

OPERATION 
(Ta = 0-70-C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 

(Ta = 25±5'C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H : Vil. L : Viu * : Vih or Vil 



READ MODE 

The TMM2764D has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection . 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vil and PGM = Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 



The CE to output valid (tCE) is equal to the address 
access time (Ucc). _ 

Assuming that CE"=Vil, PGM = Vih and all ad- 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 



Assuming that CE=Vih or 0E = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764D can be connected 
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together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



TMM2764D-15, TMM2764D-2 



STANDBY MODE 

The TMM2764D has a low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM2764D is placed in the standby mode which 



reduce the operating current from 1 0OmA to 25mA, 
and then the outputs are in a hi gh im pedance state, 
independent of the OE and the PGM inputs. 



PROGRAM MODE 

Intially, when received by customers, all bits of 
the TMM2764D are in the "1 " state which is erased 
state . 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM2764D is set up in the program opera- 
tion mode when applied the pr ogram voltage ( + 21 V) 
to the Vpp terminal under CE = PGM = OE=Vih. 

The program opera tion oc curs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 




The Verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 



50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 
This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi- 
mum value is 55ms. 

The levels required for all inputs are TTL. 

The TMM2764D can be programmed any loca- 
tion at anytime either individually, sequentially, 

or at random. 

The TMM2764D should notjje pr ogram med with 
D. C. signal applied to both CE and PGM inputs. 

T he ve rify is accomplished with OE and CE~at Vil 
and PGM at Vih. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764D from being 
programmed . 

Programming of two or more TMM2764DS in 
parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



HIGH SPEED PROGRAMMING MODE(2 TYPES) 

The program time can be greatly decreased by program pulse of 1 ms is applied and then pro- 
using this high speed programming mode. grammed data is verified. This should be repeated 

The device is set up in the high speed program- until the program operates correctly (max. A times) 
ming mode when the programming voltage ( + 21 V) After correctly programming the selected 

is applied to the Vpp terminal with Vcc = 6V and PGM address, one additional program pulse with pulse 

=Vih. width B times that needed for programming is 

The programming is achi eved b y applying a single applied . 
TTL low level 1 ms pulse the PGM input after addres- When programming has been completed, the 

ses and data are stable. Then the programmed data data in all addresses should be verified with Vcc = Vpp 

is verified by using Program Verify Mode. = 5V. 

If the programmed data is not correct, another 

TYPE 1 : A=15, B = 4 
TYPE 2 : A=20, B = 1 
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SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNI1 


V]H 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


V,L 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21.5 


V 



(Ta = 25 + 5"C. Vcc = 6V±0.25V. Vpp = 21 V±0. 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin=0~Vcc 






±10 


ph 


VOH 


Output High Voltage 


Ioh = 400,/A 


2.4 






V 


Vol 


Output Low Voltage 


bL = 2.1mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp = 21 5V 






30 


mA 



GRAMMING CHARACTERISTICS (Ta = 25±5-C, Vcc = 6V±0.25V, Vpp = 21 V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Us 


Address Setup Time 




2 






MS 


tAH 


Address Hold Time 




2 






MS 


tcES 


CE Setup Time 




2 






MS 


tCEH 


CffHold Time 




2 






MS 


tDS 


Data Setup Time 




2 






MS 


tDH 


Data Hold Time 




2 






MS 


tvS 


Vpp Setup Time 




2 






MS 


tpw 


Program Pulse Width 




0.95 


1 .0 


1 .05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


A 




B 


ms 


tPRt 


Program Pulse Rise Time 




5 






ns 


tPFT 


Program Pulse Fall Time 




5 






ns 


tOE 


OE to Output Valid 








100 


ns 


tDF2 


OE to Output in High Z 


CE=V,l 






90 


ns 



A. C. Test Conditions 

• Output Load : 1 TTL Gate and G.(100pF) 

• Input Pulse Rise and Fall Time : 10nsMax. 

• Input Pulse Levels : 0.8V and 2.2V 

• Timing Measurement Reference Level : Input IVand 2V ; Output 0.8V and 2.0V 



Note : 1 . topw depeds on the program pulse width which is required in the initail Program. 
(TYPE 1 : A = 3.8, B = 63 TYPE 2 : A = 0.95. B = 21) 
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HIGH SPEED PROGRAM MODE FLOW CHART 




ADDRESS= 
NEXT ADDRESS 



OVERFROORAM B PULSES OF 1msec 
OR ONE PULSE OP B msec DURATION 



TYPE 1 : A=15 , B=4X 
TYPE 2 : A=20 , B=X 




TMM2764D-15, TMM2764D-2 
TMM2764D 



TIMING WAVEFORM (HIGH SPEED 



ADBRESI'F'S? 



X 



t AS 



Vpp 



~0 7 UNKNOWN y -^ ^^ BLE ' ) 1 



t PFT 




{"opt \ / T~~ 
VALID ^ } \ r "in 



PROGRAM 
.VERIFY 



INITIAL PROGRAM 



*AH 



t CEH 



t 



topw 



ADDITIONAL PROGRAM 



X 
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Note: 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of k 

3. All dimensions are in millimeters. 
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Note : Toshiba does not assume anv responsibility for use of any circuitry described , no circuit patent licenses are implied,.and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
C'Aug., 1985 Toshiba Corporation 



8.192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY TM M2764DI " 1 5. TM M2764DI "2 
PROGRAMMABLE READ ONLY MEMORY TRil RilOIOI T\l 

N-CHANNEL SILICON STACKED GATE MOS I M M Z / K)**IJ I 



The TMM2764DI is a 81 92 word x 8 bit ultravio- 
let light erasable and electrically programmable read 
only memory. For read operation, the TMM 
2764DI's access time is 1 50ns(TMM2764DI-1 5)/ 
200ns(TMM2764DI-2)/250ns(TMM2764DI), and 
the TMM2764DI operates from a single 5-Volt 
power supply and has low power standby mode 
which reduces the power dissipation without 
increasing access time. 



The standby mode is_achieved applying a TTL- 
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. 

For program operation, the programming is 
achieved by apply ing a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequencially, individually, or at random. 



-40-85C 



1 50ns(Max.) 
200ns(Max.) 
250ns(Max.) 



i Wide operating temperature range : 
i Single 5-volt power supply 
i Fast access time: TMM2764DI-1 5: 
TMM2764DL2: 
TMM2764DI : 
100mA (active current) Max. 
25mA (standby current) Max. 
Low power standby mode : CE_ 
Output buffer control : OE 



(TOP VIEW) 



> Power dissipation : 




PIN NAMES 



• Fully static operation 

• Programs with one 50ms pulse or 
high speed programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM 
TMM2364P 

BLOCK DIAGRAM 



□ HD 

i i L 



OE CE and POM 

CIRCUIT 



> 0\ 2 3 4 5 6 7 

f H I I 1 I I 



OUTPUT BUFFERS 



COLUMN 
DECODES 




COLUMN I/O 
CIRCUIT 




1 




\ 


ROW 

DECODER 




MEMORY CELL 

ARRAY 
8192x8 bits 





MODE SELECTION 



Ao— A12 


Address Inputs 


Oo~0 7 


Outputs (Inputs) 


CE 




OE 


Output Enable Input 


PGM 


Program Control Input 


N. C. 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



PIN 

mode\^ 


PGM 
(27) 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


0o~0? 
(11-13, 15-19) 


POWER 


Read 


H 


L 


L 






Data Out 


Active 


Output 
Deselect 


* 


* 


H 


5V 


5V 


High Impedance 


Standby 


* 


H 


* 






High Impedance 


Standby 


Program 


L 


L 


* 






Da?a In 




Program 


* 


H 


* 


21V 


5V 


High Impedance 


Active 


Inhibit 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 






Data Out 





Note * : H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-22.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1 .5 


W 


TsOLDER 


Soldering Temperature ■ Time 


260 • 10 


'C-sec 


TsTRG 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


-40-85 


C 



READ OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 








VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 




5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.2 


Vcc 


Vcc + 0.6 


V 



C. and I 



3'(Ta = -40~85X, Vcc=5V±5%, Unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN 


TYP. 


MAX. 


UNIT 


ly 


Input Current 


Vin = 0-Vcc 






±10 


*A 


Icci 


Supply Current (Standby) 


CE=Vih 






25 


mA 


ICC2 


Supply Current (Active) 


CE=Vu 






100 


mA 


VOH 


Output High Voltage 


| „=-400^A 


2.4 






V 


Vol 


Output Low Voltage 


loL = 2.1mA 






0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6 






±10 


*A 


Ilo 


Output Leakage Current 


Vour=0.4-Vcc 






±10 


„A 



-40-85C. Vcc = 5V±5%, Vpp=2.2V-Vcc+0.6V. Unless otherwise noted) 



SYMBOL 


PARAMETER 


TMM2764DI-15 


TMM2764DI-2 


TMM2764DI 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


Ucc 


Address Access Time 




150 




200 




250 


ns 


tcE 


CTto Output Valid 




150 




200 




250 


ns 


tOE 


OE to Output Valid 




70 




70 




100 


ns 


tPGM 


PGM to Output Valid 




70 




70 




100 


ns 


tDFI 


Clfto Output in High-Z 





60 





60 





90 


ns 


tDF2 


OE to Output in High-Z 





60 





60 





90 


ns 


tDF3 


PGM to Output in High-Z 





60 





60 





60 


ns 


tOH 


Output Data Hold Time 

















ns 



A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl= 100pF 
10ns Max. 
0.6V to 2.4V 

Inputs 1 V and 2V. Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25C. f=1MHz) 



SYMBOL 


PARAMETER 


CONDITION 


MIN 


TYP. 


MAX 


UNIT 


ClN 


Input Capacitance 


Vin = OV 




4 


6 


pF 


COUT • 


Output Capacitance 


Vout = OV 




8 


12 





* This parameter is periodically sampled and is not 100% tested. 



o ~ o 7 




PROGRAM OPERATION 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX. 


UNIT 


V 1H 


Input High Voltage 


2.2 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21.5. 


V 



D. C. and OPERATING C 



CTERISTICS (Ta = 25±5-C, Vt:c = 5V±5%, Vpp= 2 1 V + . 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX 


UNIT 


lu 


Input Current 


V,n = 0-Vcc 






±10 


„A 


VOH 


Output High Voltage 


Ioh= -400//A 


2.4 






V 


Vol 


Output Low Voltage 


Iol=2. 1 mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp=21 ,5V 






30 


mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5 C, Vcc = 5V+5 % Vpf = 21V + 5V) 



S\ MBO! 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


_ 


2 


_ 


_ 


#s 


tAH 


Address Hold Time 


_ 


2 


_ 


_ 




tCES 


CE Setup Time 




2 


_ 





/»s 


tCEH 


CE~Hold Time 




2 





_ 


fiS 


Ids 


Data Setup Time 




2 





__ 


ftS 


tOM 


Data Hold Time 




2 





_ 


us 


tPS 


PGM Setup Time 




2 





_ 


MS 


tPH 


PGM Hold Time 


_ 


2 





_ 


MS 


tOES 


OE Setup Time 




2 






MS 


tvs 


Vpp Setup Time 




2 




_ 


MS 


tPW 


Program Pulse Width 


PGM = CE"=V IL 


45 


50 


55 


ms 


tCP 


Program Recovery Time 













tpRI 


Program Pulse Rise Time 




5 






ns 


tpf I 


Program Pulse Fall Time 




5 






ns 


tCE 


CEfto Output Valid 








250 


ns 


toe 


OE to Output Valid 








100 


ns 


tp.fi 


Of to Output in High-Z 


OE-Vil 






90 


ns 


tDF2 


OE 1. 1 Output n I ligh / 


CE = Vil 






90 


ns 



A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Meausrement Reference Level 



1 TTL Gate and CidOOpF) 
10ns Max 
0.6-2 4V 

Input 1 V and 2V ; Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp = 21 V±0.5V) 



A 0~ A 12 



zx 


C 3 


X 












l CEH / 
£ 


w////// 










/ 


F- 

^DF 2 

■ — >r— 




> 


/" 


*-DF 2 


*■ 




l DF 1 


■ 


UNKNOWN ^ ^ 


D in STABLE 


S ^ D out VALID 

,f HIOH Z V OUt 


> 






.'PH. 




t PFT 


- 

tpRT 




>///////?^^ 





• PROGRAM OPERATION 2. (Vpp=21 V+0.5V) 



A 0~ A 12 



zx: 



\ J* 



t 0P i 



l PS 



- 0, 



< 



l vs 



l FRT 



X 



CE , 
» DF 1 



D ln STABLE 



> 



D ou t VALID y 



Note : 1 . Vcc must be applied simulataneously or before Vpp and cut off simultaneously or after Vpp. 

2 . Removing the device from socket and setting the device in socket with Vpp=2 1 V may cause permanent damage to the 
device, 

3 . The Vpp supply Voltage is permitted up to 22V for program operation , so the voltage over 22V should not be applied 
to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not be 
exceeded 22V. 
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The TMM2764DI's erasure is achieved by apply- 
ing shortwave ultraviolet light which has a wave- 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (Ultraviolet light intensity 
[w/cm 2 ] xexposuretime [sec] ) for erasure should 
be a minimum of 15 [w. sec/cm 2 ] 

When the Toshiba sterilizing GL-15.IS used and 
the device is exposed at a distance of 1 cm from the 
lamp surface, the erasure will be achieved within 60 
minutes. 

And using commercial lamps whose ultraviolet 



light intensity is a 1 2000 [^w/cm 2 ] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated dose is 12000 [(iw/cm'] x (20x60) [sec] 
= 15 [w. sec/cm 2 ] .) 

The TMM2764DI's erasure begins to occur when 
exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000-4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opaque seals-Toshiba 
EPROM Protect Seal AC901-are available. 



The TMM2764DI's six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 





PGM 
(27) 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O; 
(11-13, 15-19) 


POWER 


READ 

OPERATION 
(Ta=-40-85'C) 


Read 


H 


L 


L 


5 V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 

OPERATION 

(Ta=25±5'C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H : Vih. L : Vil. * : Vih or Vil 



The TMM2764DI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection . 

Assuming that CE = OE=ViLand PGM = Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 



OUTPUT DESELEi 



The CE to output valid (tcE) is equal to the address 
access time (ucc) . 

Assuming thatCE=ViL, PGM=Vih and all addresses 
are valid, the output data is valid at the outputs after 
toE from the falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tpGM from the rising edge of PGM. 



Assuming that CE = Vih or OE =Vih, the outputs 
will be in a high impedance state. 
So two or more TMM2764DI can be connected . 



together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



The TMM2764DI has a low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM2764DI is placed in the standby mode which 



reduce the operating current from 100mA to 25mA, 
and then the outpus are in a hi gh im pedance state, 
independent of the OE and the PGM inputs. 
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PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764DI are in the "1" state which is erased 
state . 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM2764DI is set up in the program opera- 
tion mode when applied the pr ogram voltage ( + 21 V) 
to the Vpp terminal under CE = PGM = OE =Vih. 

The program opera tion oc curs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 



50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi- 
mum value is 55ms. 

The levels required for all inputs are TTL. 

The TMM 2764DI can be programmed any loca- 
tion at anytime either individually, sequentially. 

or at random. 

The TMM2764DI should not be progra mmed 
with D. C. signal applied to both CE and PGM 
inputs. 



The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGARM INHIBIT MODE 

Under the condition that the program voltage (± 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764DI from being 
programmed . 

Programming of two or more TMM2764Dls in 
parallel with different data is easily accomplished. 



T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



HIGH SPEED PROGRAMMING MODE(2 TYPES) 

The program time can be greatly decreased by grammed data is verified. This should be repeated 

using this high speed programming mode. until the program operates correctly (max. A times) 

The device is set up in the high speed program- After correctly programming the selected 

ming mode when the programming voltage ( + 21 V) address, one additional program pulse with pulse 

is applied to the Vpp terminal with Vcc=6V and PGM width B times that needed for programming is 

=Vih. applied. 

The programming is achi eved b y applying a single When programming has been completed, the 

TTL low level 1 ms pulse the PGM input after addres- data in all addresses should be verified with Vcc=Vpp 

ses and data are stable. Then the programmed data =5V. 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another TYPE 1 : A=15, B = 4 

program pulse of 1ms is applied and then pro- TYPE 2 : A=20, B=1 
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HIGH SPEED PROGRAM OFERATION 



SYMBOL 


PARAMETER 


Ml N . 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 




Vcc+1 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21 .5 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25 + 5C, Vcc=6V±0.25V. Vpp=21 V±0. 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX, 


UNIT 


fli 


Input Current 


ViN = 0~Vcc 






±10 


«A 


Voh 


Output High Voltage 


Ioh=-400jiA • 


2.4 






V 


Vol 


Output Low Voltage 


Iol = 2. 1 mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp=21 .5V 






30 


mA 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5C. Vcc = 6V±0 25V, Vpp = 21V±0 ,5V) 



SYMBOI 


PARAMETER 


TEST CONDITION 


MIN. 


TYP 


MAX. 


UNIT 


%m 


Address Setup Time 




2 






ms 


Uh 


Address Hold Time 




2 






MS 


tCES 


CE Setup Time 




2 






M s 


tCEH 


CE Hold Time 




2 






MS 


tDS 


Data Setup Time 




2 






MS 


tOH 


Data Hold Time 




2 






f*S 


tvs 


Vpp Setup Time 




2 






MS 


tpw 


Program Pulse Width 




0.95 


1 .0 


1 .05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


A 




B 


ms 


tpnr 


Program Pulse Rise Time 




5 






ns 


tPFT 


Program Pulse Fall Time 




5 






ns 


tOE 


OE to Output Valid 








100 


ns 


tDF2 


Of to Output in High Z 


CE = Vil 






90 


ns 



A C Test Conditions 

• Output Load : 1 TTL Gate and CUIOOpF) 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.6V and 2.4V 

• Timing Measurement Referene Level : Input 1V and 2V ; Output 0.8V and 2.0V 



Note : 1 . topw depends on the program pulse width which is required in the initial Program. 
(TYPE 1 : A = 3.8. B = 63, TYPE 2 : A = 0.95, B=21) 
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HIGH SPEED PROGRAM MODE FLOW CHART 




ADDRESS = 
NEXT ADDRESS 



TYPE 1 : A=15 , B = 4X 
TYPE % : A=20 , B=X 



OVERPROQRAM B 


PULSE 


3 OF lmaec 


OR ONE PULSE C 


)FB me 


sc DURATION 




c 



^ PASS ^ 
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TIMING WAVEFORM (HIGH SPEED PROGRAM) 



3C 



C AH 



K 



tCEH 



UNKNOWN ^ ^ _STABLE ' > ' 



mm 



tp PX 



f 



j . VALID _ } < r "in 




l DH 



Vpp 



PROGRAM 
VERIFY 



INITIAL PROGRAM 



ADDITIONAL PROGRAM 



316 



TMM2764DI-15, TMM2764DI-2 



Unit in mm 



3 7. 7 MAX. 




3 * s VVeVSH SSS 





+ai5 
a46-aio 



+ai£ 

-U . 0.25-Q1C 



Note 1 



Note 2 



Note: 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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l^=^Z^ s ^ D el "™ JMM271 28D-1 5, TMM271 28D-20 

N-CHAININEL SILICON STACKED GATE MOS TIVIIvl271 28D-25 



The TMM27128D is a 16384 word x8 bit ultra- 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
271 28D's access time is 1 50ns/200ns/250ns. and 
the TMM27128D operates from a single 5-volt 
power supply and has a low power standby mode 
which reduces the power dissipation without 
increasing access time. 



• Single-5Volt power supply 

• Fast access time : TMM27128D-15 150ns 

TMM27128D-20 200ns 
TMM27128D-25 250ns 

• Power dissipation : 100mA (active current) Max. 

25mA (standby current) Max. 

• Low power standby mode : CE 

• Output buffer control : OE 



(TOP VIEW) 




The standby mode is achieved by applying a TTL- 
high level signal to the CT input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. 

For program operation, the programming is 
achieved by apply ing a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequentially, in individually, or at random. 

• Fully static operation 

• Programs with one 50ms pulse or 
high speed programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i27 1 28 



CE ° 
FOMO 



Vpp Q»D V 0C 


C 


°1 °2 ° 3 0* 5 6 7 


! ? ? 




tTTTTTTT 


OE CE areiPQM 






CIRCUIT 




OUTPUT BUFFERS 


1 1 







COLUMN 




COLUMN I/O 


DECODER 




CIRCUIT 








1 


ROW 


512 


MEMORY CELL 


ARRAY 


DECODER 




1&364X8 Bits 



MODE SELECTION 



PIN NAMES 



Ao— A13 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



PIN 

MODE 


PGM 

(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


O0-O7 
(11-13, 15-19) 


POWER 


Read 


H 


L 


L 






Data Out 


Active 


Output 
Deselect 


* 


* 


H 


5V 


5V 


High Impedance 


Standby 


* 


H 


* 






High Impedance 


Standby 


Program 


L 


L 


* 






Data In 




Program 


* 


H 


* 


21V 


5V 


High Impedance 


Active 


Inhibit 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 






Data Out 





Note * : H or L 
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Vcc 



Vcc Power Supply Voltage 



-0.6-7.0 



Vpp 



Program Supply Voltage 



-0.6-22.0 



Vin 



Input Voltage 



-0.6-7.0 



VOUT 



Output Voltage 



-0.6-7.0 



Po 



Power Dissipation 



1 .5 



TsOLDER 



Soldering Temperature • Time 



Tstrg. 



Storage Temperature 



260 • 10 
-65 — 1 25 



'C-sec 



Topb 



Operating Temperature 



READ OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MA) 


UNIT 


V,H 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-3.0 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


Vcc+0.6 


V 



. (Ta = 0~70 - C. Vcc = 5V±5%. Unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


Ti F 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0-Vcc 






±10 


„A 


Icci 


Supply Current (Standby) 


CE=Vih 






25 


mA 


ICC2 


Supply Current (Active) 


CE = Vil 






100 


mA 


VOH 


Output High Voltage 


Ioh=-400^A 


2.4 






V 


Vol 


Output Low Voltage 


l0L = 2.1mA 






0.4 


V 


Ippi 


Vpp Current 


Vpp = 0~Vcc + 0.6 






±10 


M A 


Ilo 


Output Leakage Current 


Vour = 0.4-Vcc 






±10 





I (Ta = 0-70 - C. Vcc = 5V±5%, Vpp = 2 . 0V- Vcc + 0. 6V, Unless otherwise noted) 



SYMBOL 


PARAMETER 


TMM27128D-15 


TMM27128D-20 


TMM27128D-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 




1 50 I - 






ns 


tCE 


CE to Output Valid — 










ns 


tOE 


OE to Output Valid 




70 




70 




100 


ns 


tPGM 


PGM to Output Valid 




70 




70 




100 


ns 


tDF1 


CTTto Output in High-Z 





60 





60 





90 


ns 


tDF 2 


OE to Output in High-Z 





60 





60 





90 


ns 


tOF3 


PGM to Output in High-Z 





60 





60 





90 


ns 


tOH 


Output Data Hold Time 

















ns 



A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Iput Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 
10ns Max. 
0.8V to 2.2V 

Inputs 1 V and 2V. Outputs 0.8V and 2.0V 



TMM27128D-15, TMM27128D-20 




CAPACITANCE * (Ta = 25-C. f=1MHz) 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


6 


UNIT 


ClN 


Input Capacitance 


Vin = OV 




4 


pF 


Cout 


Output Capacitance 


Vout = OV 




8 


12 


PF 



* This paramater is periodically sampled is not 100% tested. 





PROGRAM OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


Vit 


Input Low Voltage 


-0 3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21 .5 


V 




(Ta = 25±5'C. Vcc=5V±5%. Vpp = 2 1 V±0. 5V| 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


III 


Input Current 


Vin = 0~Vcc 






±10 


*A 


Voh 


Output High Voltage 


Ioh= -AOO/iA 


2.4 






V 


Vol 


Output Low Voltage 


Iol = 2. 1 mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp = 21 .5V 






30 


mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5C. Vcc = 5V±5%. Vpp=21 V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNITS 


Us 


Address Setup Time 


_ 


2 


— 


_ 


^s 


Uh 


Address Hold Time 


_ 


2 


_ 




flS 


tCES 


CE Setup Time 


_ 


2 


— 




/IS 


tCEH 


CE Hold Unv 


_ 


2 


— 


— 


MS 


tDS 


Data Setup Time 


_ 


2 


— 


— 


pS 


tDH 


Data Hold Time 


_ 


2 


_ 


_ 


IIS 


tps 


PGM Setup Time 


_ 


2 




_ 


MS 


ten 


PGM Hold Time 


_ 


2 


_ 




MS 


tOES 


OE Setup Time 




2 








lis 


tvs 


Vpp Setup Time 


— 


2 


_ 


- 


IIS 


tPW 


Program Pulse Width 


PGM = CT=V,, 


45 


50 


55 


ms 


to 


Program Recovery Time 











MS 


tPRT 


Program Pulse Rise Time 




5 






ns 


tPFT 


Program Pulse Fall Time 




5 






ns 


tCE 


CE"to Output Valid 








2 50 


ns 


tOE 


OE to Output Valid 








1 00 


ns 


tDFl 


CEfto Output in High Z 


0E = Vil 






90 


ns 


t:.i 2 


OE to Output in High Z 


CE = Vil 






90 


ns 



A C Test Conditions 

• Output Load : 1 TTL Gate and Cr= 100pF 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.8V and 2.2V 

• Timing Measurement Reference Level : Input 1 V and 2V ; Output 0.8V and 2.0V 
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TMM27128D-15, TMM27128D-20 
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TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp = 21 V+0.5V) 



~ 7 UNKNOWN 



Vpp 




• PROGRAM OPERATION 2. (Vpp=21 V + 0.5V) 



A ~ A 13 



3C 



X 



~0 7 



Vpp 



< 



\\\\\\\\\ 



t AH 



tPRT 



A 



OE. 



D ln STABLE 



> 



HIGH Z 



D 0UT VALID J> 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent 
damage to the device. 

3 . The Vpp supply voltage is permitted up to 22V for program operation , so the voltage over 22V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal , the overshoot voltage of its pulse should not 
be exceeded 22V. 



The TMM271 28D's erasure is achieved by apply- 
ing shortwave .ultraviolet light which has a wave- 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated does (Ultraviolet light intensity 
[w/cm 2 ] x exposure time [sec. ] ) for erasure 
should be a minimum of 15 [w. sec/cm 1 ]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

And using commercial lamps whose ultraviolet 



light intensity is a 1 2000 [/iw/cm 1 ] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated does is 12000 [^w/cm 2 ] x (20x60) 
[sec] =15 [w-sec/cm 2 ] .) 
The TMM271 28D's erasure begins to occur 
when .exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000-4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 



DN INFORMATION 

The TMM271 28D's six operation modes are list- 
ed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 





PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O? 
(1 1-13, 15-19) 


POWER 


READ 

OPERATION 
(Ta = 0~70-C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 




* 


H 


High Impedance 


Active 


Standby 


* 


H 




High impedance 


Standby 


PROGRAM 
OPERATION 

(Ta = 25±5-C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H : Vih, L : ; Vil. * : Vih or Vil 



The TMM 271 28D has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGIV1) control the output buffers, independent of 
device selection. 

Assuming that CE = OE=Vil and PGM=Vih. the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 



The CE to output valid (tcE) is equal to the address 
access time (Ucc). _ 

Assuming that CE=Vil, PGM=Vih and all ad- 
dresses are valid, the output is valid at the outputs 
after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 



PUT DESELECT MODE 

Assuming that CE = Vm or OE = Vih, the outputs 
will be in high impedance state. 

So two or more TMM271 28D can be connected 



together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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TheTMM271 28D has a low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM27128D is placed in the standby mode which 




Initially, when received by customers, all bits of 
the TMM27 1 28D are in the "1 " state which is erased 
state . 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

The TMM27128D is set up in the program oper- 
ation mode when applied the pro gram voltage ( + 
21V) to the Vpp terminal under CE = PGM = OE =Vih. 

The program opera tion oc curs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 




The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 




Under the condition that the program voltage ( + 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128D from being 
programmed. 

Programming of two or more TMM27128DS in 
parallel with different data is easily accomplished. 



The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 21V) is 
applied to the Vpp terminal with Vcc=6V and PGM = 
Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 



reduce operating current from 100mA to25mA, and 
then the outputs are in a hig h imp edance state, 
independent of the OE and the PGM inputs. 



50ms (t P w) active low program pulse to the CE or the 
PGM input after the addresses and data stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi- 
mum value is 55ms. 

The levels required for all inputs are TTL. 

The TMM271 28D can be programmed any loca- 
tion at anytime either individually, sequentially, 

or at random. 

The TMM27128D should not be progra mmed 
with D. C, signal applied to both CE and PGM 
inputs. 



T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 
After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied . 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 



TYPE 1 : A=15,B = 4 
TYPE 2 : A = 20,B = 1 



TMM27128D-15, TMM27128D-20 

HIGH SPEED RPOGRAM OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2 




Vcc+1 .0 


V 


V,L 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21 .5 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5C, Vcc = 6V±0.25V, V PP =21V±05V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


V IN = 0~Vcc 






±10 


«A 


VOH 


Output High Voltage 


| OH =-400^A 


2.4 






V 


Vol 


Outpu Low Voltage 


Iol = 2. 1 mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


l P P2 


Vpp Supply Current 


Vpp = 21 .5V 






30 


mA 



|> ; (Ta = 25±5*C, Vcc=6V±0.25V. Vpp=21 V±0. 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 




2 






t>s 


Uh 


Address Hold Time 




2 






fS 


tCES 


CE Setup Time 




2 






MS 


tCEH 


CfTHold Time 




2 






pS 


tDS 


Data Setup Time 




2 






/IS 


tDH 


Data Hold Time 




2 






us 


tvs 


Vpp Setup Time 




2 






pS 


tpw 


Program Pulse Width 




0.95 


1 .0 


1 .05 


ms 


topw 


Additional Program Pulse Width 


Note 1 


A 




B 


ms 


tppj 


Program pulse Rise Time 




5 






ns 


tPFT 


Program Pulse Fall Time 




5 






ns 


tOE 


OE to Output Valid 








100 


ns 


tDF2 


Of to Output in High-Z 


CE=Vn 






90 


ns 



flING CHAR/! 



A. C. Tesi Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



: 1 TTL Gate and UOOOpF) 

: 10ns Max. 

: 0.8V and 2.2V 

; Input 1V and 2V ; Output 0.8V and 2.0V 



Note : 1 . topw depends on the program pulse width which is required in the initial program. 
(TYPE 1 : 3.8, B = 63, TYPE 2 : A = 0.95. B = 21) 



326 



TMM271 28D-1 5, TMM271 28D-20 
TMM27128D-25 



HIGH SPEED PROGRAM MODE FLOW CHART 



C START ) 
i 



ADDRESS = 
START ADDRESS 



Vnc=«v 




PROORAM 1ms PULSE 
i 



ADDRESS = 
NEXT ADDRESS 




TYPE 1 : A=15 , B=4X 
TYPE 2 : A=20 , B=X 



OVERPROQRAM B PULSES OF 1msec 
OR ONE PULSE Of B msec DURATION 




FAIL ) 



( PASS ^ 
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J 



tCES 



~ 0, UNKNOOT ^ ^ " g ^ LE ) 1 



tPFT r ^ _^ ^PHT 



1 



<-0E 



t AH 



; "out , I D 

^ VALID ? ^ " 



1 



PROGRAM 
VERIFY 



INITIAL PROCRAM 



l DF2 



tOPW 



ADDITIONAL PROGRAM 



X 



f 
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TMM27128D-15, TMM27128D-20 



mSKSBBBBSBBBHBBKm 



OUTLINE DRAWINGS 



23 22 21 20 



19 18 17 16 15 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 




+ 0.1 5 
.0.46-0.10 



Unit in mm 



+0.1 5 

■ 0.25-0.10 



Note 2 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 
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TMM27128D-15, TMM27128D-20 



Note Toshiba does not assume any responsibility for use of any circuitry described . no circui! patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry 
©Aug.. 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



16,384 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 



TMM27128DI-15, TMM27128DI-20 
TMM27128DI-25 



The TMM27128DI is a 16384 wordx8 bit ultra- 
violet light erasable and electrically programmable 
read only memory. 

For read operation, the TMM271 28DI's access 
time is 1 50ns/200ns/2 50ns , and the 
TMM27128DI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 



access time. The standby mode is achieved by ap- 
plying a TTL-high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. 

For Program operation, the programming is 
achieved by apply ing a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequentially, individually, or at random. 



Wide operating temperature range : 
Single 5-volt power supply 



-40~85*C 



» Fast access time 



Power dissipation 



TMM27128DI-15 150ns 
TMM27128DI-20 200ns 
TMM27128DI-25 250ns 
100mA (active current) Max. 
25mA (standby currest) Max. 



• Low power standby mode : CE_ 

• Output buffer control : OE 

• Fully static operation 

• Programs with one 50ms pulse or high speed 
programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i27128 



5NNECTION (TOP VIEW) 



BLOCK DIAGRAM 



°0 °1 °2 °3 °* °b °6 °f 



Vpp[ 1 

*12t 2 
A 7 [ 3 
A 6 [ 4 
Agf 5 
A 4 [ 6 
A3 I 7 
*2C B 
Al [ 9 
AO I II 
°0[ 1 
Oj [ 11 

OND t 11 



28]Vco 
27 j POM 
26]A 13 
25 ] Au 
24 ]A 9 
23]Ai! 
22]OE 
21 )A 10 
20 ] CE 
19 ] 7 
18]0 6 
1*10* 
16 3 4 
IS10 3 



t ? ? 




f T 1 1 T 1 1 .1 


CIRCUIT 




OUTPUT BUFFERS 


t I 







A 10 * 
All c 



COLUMN 


32 


COLUMN I/O 


DECODER 




CIRCUIT 


1 




f 


ROW 


512 


MEMORY CELL 
ARRAY 

1&384X Suits 


DECODER 





Ao— A13 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CE" 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



PIN 

MODE"^^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(D 


Vcc 
(28) 


Oo-Ov 
(11-13. 15-19) 


POWER 


Read 


H 


L 


L 






Data Out 


Active 


Output 
Deselect 


* 


* 


H 


5V 


5V 


High Impedance 


Standby 


* 


H 


* 






High Impedance 


Standby 


Program 


L 


L 


* 






Data In 




Program 


* 


H 




21V 


5V 


High Impedance 


Active 


Inhibit 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 






Data Out 





Note * : H or L 



TMM27128DI-15, TMM27128DI-20 




MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 




Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-22.0 


V 


Vin 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


w 


TsOLDER 


Soldering Temperature ■ Time 


260 • 10 


"C-sec 


TSTRG. 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


-40-85 


•c 



READ OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V,H 


Input High Voltage 


2.2 




Vcc+1 .0 


V 


Vil 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.2 


Vcc 


Vcc+0.6 


V 




ISTICS (Ta= -40-85-C, Vcc = 5V±5%, Unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


V,k = 0~Vcc 






±10 


*A 


Icci 


Supply Current (Standby) 


CE=Vih 






25 


mA 


ICC2 


Supply Current (Active) 


CE = Vil 






100 


mA 


V H 


Output High Voltage 


Ioh=-400^A 


2.4 






V 


Vol 


Output Low Voltage 


Iol = 2. 1 mA 






0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6 






±10 


„A 


li 


Output Leakage Current 


Vour = 0.4~Vcc 






±10 





A. C. CHARACTERISTICS (Ta = -40-85'C, Vcc = 5V±5%, Vpp = 2.2V-Vcc + 0.6V, Unless otherwise noted) 



SYMBOL 


PARAMETER 


TMM27128DI-15 


TMM27128DI-20 


TMM27128DI-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN 


MAX. 


Ucc 


Address Access Time 




150 




200 




250 


ns 


tCE 


cFto Output Valid 




150 




200 




250 


ns 


tOE 


OE to Output Valid 




70 




70 




100 


ns 


tPGM 


PGM to Output Valid 




70 




70 




100 


ns 


tDFl 


CE to Output in High-Z 





60 





60 





90 


ns 


tDF2 


OE to Output in High-Z 





60 





60 





90 


ns 


tDF 3 


PGM to Output in High-Z 





60 





60 





90 


ns 


tOH 


Output Data Hold Time 

















ns 



A C Test Conditions 

• Output Load : 1 TTL Gate and C L =100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.6V to 2.4V 

• Timing Measurement Reference Level : Inputs 1 V and 2V. Outputs 0.8V and 2.0V 
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PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 




Vcc+1 .0 


'V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21.5 


V 




(Ta = 25±5-C, Vcc=5V±5%. Vpp = 2 1 V+0. 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 






- 10 


„A 


VOH 


Output High Voltage 


Ioh= -400^A 


2.4 






V 


Vol 


Output Low Voltage 


loi = 2.1mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp=21 .5V 






30 


mA 
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TMM27128DI-15, TMM27128DI-20 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25 + 5-C, Vcc = 5V±5%. Vpp=21 V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Us 


Address Setup Time 


— 


2 


- 


- 


MS 


tAH 


Address Hold Time 


- 


2 


- 


- 


lis 


tCES 


CE Setup Time 


- 


2 


- 




flS 


tCEH 


CfTHold Time 


- 


2 


- 


- 


lis 


tDS 


Data Setup Time 


- 


2 


- 


- 


/IS 


tDH 


Data Hold Time 


- 


2 


- 


— 


MS 


tPS 


PGM Setup Time 


- 


2 


— 


— 


MS 


tPH 


PGM Hold time 


- 


2 


- 


- 


MS 


toES 


OE Setup Time 


— 


2 


- 


— 


MS 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


MS 


tpw 


Program Pulse Width 


PGM~=CE = Vil 


45 


50 


55 


ms 


tcp 


Program Recovery Time 











MS 


tPRT 


Program Pulse Rise Time 




5 






ns 


tPFT 


Program Pulse Fall Tim 




5 






ns 


tCE 


CE~to Output Valid 








250 


ns 


tOE 


OE to Output Valid 








100 


ns 


tDFl 


CE to Output in High Z 


OE = Vil 






90 


ns 


tDF2 


OE to Output in High 2 


CT=Vil 






90 


ns 



A C Test Conditions 

• Output Load : 1 TTL Gate and 0.(1 OOpF) 

• Input Pulse Rise and Fall Times : 1 Ons Max. 

• Input Pulse Levels :0.6Vand2.4V 

• Timing Measurement Reference Level : Input 1 V and 2V ; Output 0. 8V and 2 . OV 





TMM27128DI-15, TMM27128DI-20 
TMM27128DI-: 



TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp = 21 V±0.5V) 



A 0~ A 13 




~0 7 UNKNOWN 



^OE 



D ln STABLE 



> 



Vpp 



H n 



K 



A 



Dqtjt valid 



PROGRAM OPERATION 2. (Vpp=21 V + 0.5V) 



A ~A 13 



\ / 



< 



"tpw 



D ln STABLE 




Vpp 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=21V may cause permanent 
damage to the device. 

3 . The Vpp supply voltage is permitted up to 22V for program operation , so the voltage over 22V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMM27128DI's erasure is achieved by ap- 
plying shortwave ultraviolet light which has a wave- 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated does (Ultraviolet light intensity 
[w/cm 2 ] x exposure time [sec] ) for erasure should 
be a minimum of 1 5 [W ■ sec/cm 2 ] . 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

And using commercial lamps whose ultraviolet 



light intensity is a 1 2000 Qzw/cm 2 ] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated dose is 12000 L"W/cm 2 ] X (20x60) 
[sec] =15 [w- sec/cm 2 ] .) 
The TMM271 28DI's erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000—4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901 are available. 



The TMM271 28DI's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 



PIN NAMES (NUMBER) 

MODE ' ' 


PGM 

(27) 


cT 

(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O? 
(11-13, 15-19) 


POWER 


: -i AD 

OPERATION 
(Ta= -40- 
85-Q 


Read 


H 


L 


L 


5 V 


5V 


Data Out 


Active 


Output Deselect 


* 




H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 

(Ta = 25±5'C) 


Program 


L 


L 


* 


21V 


5V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


Program Verify 


H 


L 


L 


Data Out 


Active 



L : V,l, * : Vih or Vil 



READ MODE 

The TMM27128DI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE=Vil and PGM = Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE=Vih, the outputs 
will be in a high impedance state. 

So two or more TMM271 28DI can be connected 



The CE to output valid (tcE) is equal to the address 
access time (tAcc). _ 

Assuming that CE=Vil,PGM=Vih and all ad- 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addres- 
ses are valid, the output data is v alid a t the outputs 
after tpGM from the rising edge of PGM. 



together on_a common bus line. 

When CE is decoded for device selection, alt 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128DI has a low power standby 
mode controlled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM271 28DI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27128DI are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

The TMM27128DI is set up in the program 
operation mode when applied the pr ogram voltage (+ 
21V) to the Vpp terminal under CE = PGM = OE = Vih. 

The program opera tion o ccurs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128DI from being 
programmed . 

Programming of two or more TMM271 28Dls in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE (2 TYPES) 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program- 
ming mode when the programming voltage (+ 21 V) 
is applied to the Vpp terminal with VCC = 6V and PGM 
=Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 



reduce the operating current from 100mA to 25mA, 
and then the outputs are in a hi gh im pedance state, 
independent of the OE and the PGM inputs. 



50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi- 
mum value is 55ms. 

The levels required for ail inputs are TTL. 

The TMM27128DI can be programmed any 
location at anytime either individually, se- 
quentially, or at random. 

The TMM27128DI should not be progra mmed 
with D.C. signal applied to both CE and PGM 
inputs. 



T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 



That is , all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 
After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied . 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 

TYPE 1 : A=15, B = 4 
TYPE 2 : A = 20, B=1 
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TMM27128DI-15, TMM27128DI-20 



HIGH SPEED PROGRAM OPERATION 



SYMBOL 


PARAMETER 


MIN. 


rvp 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.0 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


20.5 


21 .0 


21 .5 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5'C. Vcc = 6V±0.25V. Vpp=21 V±0.5V) 



SYMBOL 


.;;..if II h 


TEST CONDITION 


MIN . 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0-Vcc 






±10 


*A 


VOH 


Output High Voltage 


Ioh= -400,uA 


2.4 






V 


Vol 


Output Low Voltage 


loL=2.1mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp=21.5V 






30 


mA 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5 C, Vcc = 6V±0.25V, Vpp = 21V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


1YP 


MAX. 


UNIT 


t*S 


Address Setup Time 




2 






MS 


tAH 


Address Hold Time 




2 






MS 


tCES 


CE Setup Time 




2 






MS 


tCEH 


CEHold Time 




2 






MS 


tDS 


Data Setup Time 




2 






MS 


tOH 


Data Hold Time 




2 






MS 


tvs 


Vpp Setup Time 




2 






MS 


tpw 


Program Pulse Width 




0.95 


1 .0 


1 .05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


A 




B 


ms 


tPRT 


Program Pulse Rise Time 




5 






ns 


tPFT 


Program Pulse Fall Time 




5 






ns 


tOE 


Of to Output Valid 








100 


ns 


tDF2 


OE to Output in High 2 


CE = V, L 






90 


ns 



A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl( 1 OOpF) 
10ns Max. 
0.6V and 2.4V 

Input Wand 2V : Output 0.8V and 2.0V 



Note : 

1 . top* depends on the program pulse width which is required in the initial Program. 
(TYPE 1 : A = 3.8. B = 63, TYPE 2 : A= 0.95. B = 21) 
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TMM27128DI-15, TMM27128DI-20 
TMM27128DI-25 



HIGH SPEED PROGRAM MODE FLOW CHART 




ADDRESS= 
NEXT ADDRESS 



TYPE 1 : A=15 , B=4X 
TYPE 2 : A=20 , B=X 



0VERPR0ORAM B PULSES OF lmBBC 
OR ONE PULSE OF Bmeec DURATION 
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TMM27128DI-15, TMM27128DI-20 
TMM27128DI-25 



(HIGH SPEED PROGRAM) 



zx 



J 



UNKNOWN y ^ ^^' )-^ 



Vpp 



warn 



t VS 




t AH 



l CEH 



X VALID / \ 



PROGRAM 
VERIFY 



INITIAL PROGRAM 



1 DF2 



Din STABLE 



tDS 



\ 



^DH 



ADDITIONAL PROGRAM 



X 



MR 
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TMM27128DI-15, TMM27128DI-20 
TMM27128DI-2! 



IHU 



Unit in mm 



28 27 26 25 24 23 22 21 20 



19 18 17 16 15 



3 4 5 6 7 



8 9 10 ]] 12 13 14 




+ 0.15 
O25-0.10 



Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 

respect No.1 and No. 28 leads. 

This value is measured at the and of leads. 

All dimensions are in millimeters. 



TMM27128DI-15, TMM27128DI-20 
TMM27128DI-2E 



Note : Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
&Aug., 1985 Toshiba Corporation 
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32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 



TMM27256D-15 
TMM27256D-20 



DESCRIPTION 

The TMM27256D is a 32.768 wordx8 bit 
ultraviolet light erasable and electrically program- 
mable read only memory. 

For read operation, the TMM27256D's access 
time is 150ns/200ns. and the TMM27256D oper- 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis- 
sipation without increasing access time. The standby 
mode is achieved by applying a TTL-high level signal 
to the CE input. 



For program operation, the programming is 
achieved by using the high speed programming 
mode. Program supply voltage is 21V which is the 
same voltage as TMM2764D. TMM27128D and 
TC57256D. 

The programming of TMM27256D is accom- 
plished within about one and a half minutes (typ.). 

The TMM27256D is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 



• Fast access time TMM27256D-1 5 1 50ns 

TMM27256D-20 200ns 

• Low power dissipation 
Active : 100mA 
Standby : 25mA 

• Single 5V power supply 

' (TOP VIEW) 



vppr 


1 


£8 


] Vcc 


A12 t 




27 


] A14 


A7 [ 


3 


26 


J A13 


A6 [ 


* 


25 


3 A8 


A5 ( 


5 


84 


3 A9 


A4 1 


6 


23 


3 All 


A3 ( 


7 


22 


| OE 


A8 [ 


8 


21 


I A10 


Al 1 


9 


20 


1 c¥ 


AO C 


10 


19 


) 07 


oo C 


11 


18 


I 06 


oi C 


18 


17 


1 05 


02 C 


13 


ie 


) 04 


qndC 


14 


15 


I 03 



• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P and 
TMM23256P and CMOS EPROM TC57256D. 

• Standard 28 pin DIP cerdip package 



V PP QND V cc 00 01 02 03 04 05 06 07 

_! I 



OT! SI 

CIRCUIT 



OUTPUT BUFFERS 



COLUMN I/O 
CIRCUIT 



MEMORY 'JELL 
ARRAY 
3Z.76BX8 bito 



PIN NAMES 



: SELECTION 



Ao~Ai4 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CT 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



PIN 

MODE\^ 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo~07 
(11-13. 15-19) 


POWER 


Read 


L 


L 






Data Out 


Active 


Output 
Deselect 


* 


H 


5V 


5V 


High Impedance 


Standby 


H 


* 






High Impedance 


Star 


Program 


L 


H 






Data In 




Program 
Inhibit 


H 


* 


21V 


6V 


High Impedance 


Active 


Program 
Verify 


L 


L 






Data Out 





Note * : H or L 
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TMM27256D-15 
TMM27256D-20 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-22.0 


V 


Vin 


Input Voltage 


-0.6-7.0 


V 


Vi/o 


Input/Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1 .5 


W 


TSOLDER 


Soldering Temperature ■ Time 


260-10 


"C-sec 


TsTG. 


Storage Temperature 


-65-125 


•c 


Topr. 


Operating Temperature 


0-70 


•c 



READ OPERATION 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


Vcc+0.6 


V 



RISTICS (Ta = 0-70-C, Vcc=5V±5%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


I LI 


Input Current 


Vin=0-Vcc 






±10 


„A 


Icci 


Supply Current (Standby) 


CE = Vih 






25 


mA 


ICC2 


Supply Current (Active) 


CE = Vil 






100 


mA 


VOH 


Output High Voltage 


Ioh=-400^A 


2.4 






V 


Vol 


Output Low Voltage 


Iol = 2. 1 mA 






0.4 


V 


Ippi 


Vpp Current 


Vpp = 0~Vcc + 0.6 






±10 


M A 


Ilo 


Output Leakage Current 


Vout=0.4~Vcc 1 






±10 


M A 




CHARACTERISTICS (Ta^0-70'C, Vcc = 5V±5%, Vpp = 2.0V~Vcc + 0.6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


TMM27256D-1 5 


TMM27256D-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


C1T=OE = Vil 




150 




200 


ns 


tCE 


CE to Output Valid 


OE = Vil 




1 50 




200 


ns 


tOE 


OE to Output Valid 


CE = Vil 




70 




70 


ns 


tOFl 


CE to Output in High-Z 


OE = V,l 





60 





60 


ns 


tDF2 


OE to Output in High-Z 


CE=Vil 





60 





60 


ns 


tOH 


Output Data Hold Time 


CE = OE=Vil 












ns 



A C Test Conditions 

• Output Load : 1 TTL Gate and C L = 100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels :0.45V-2.4V 

• Timing Measurement Reference Level : Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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TMM27256D-15 
TMM27256D-20 



CAPACITANCE * ITa = 25-C. (=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 




4 


6 


PF 


COUT 


Output Capacitance 


Vour=OV 




8 


12 


pF 



* This paramater is periodically sampled and is not 100% tested. 



X 



t 0H 



M/////////////A 



MM///// ////////, 



t ACC 



DATA OUTPUTS 




PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX, 


UNIT 


VlH 


Input High Voltage 


2.0 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Ppwer Supply Voltage 




21 .0 


21 .5 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5'C. Vcc = 6V±0.25V. V PP = 21 V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP 


MAX 


UNIT 


III 


Input Current 


V,n=0-Vcc 






±10 


„A 


Voh 


Output High Voltage 


| OH = -400,, A 


2.4 






V 


Vol 


Output Low Voltage 


Iol = 2. 1mA 






0.4 


V 


Ice 


Vcc Supply Current 








100 


mA 


IPP2 


Vpp Supply Current 


Vpp=21.5V 






30 


mA 
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TMM27256D-15 
TMM272B6D-20 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5 C. Vcc = 6V±0.25V. Vpp = 21 V+0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX 


UNIT 


Us 


Address Setup Time 


— 


2 




MS 


tAH 


Address Hold Time 


— 


2 






MS 


tcES 


CE Setup Time 


— 


2 








tcEH 


CE Hold Time 


— 


2 






M s 


tOES 


OE Setup Time 


— 


2 






IIS 


tOEH 


OE Hold Time 




2 






MS 


tos 


Data Setup Time 




2 






MS 


tDH 


Data Hold Time 




2 






MS 


tvs 


Vpp Setup Time 




2 






MS 


tpw 


Intial Program Pulse Width 


CE=V IL , OE=Vih 


0.95 


1 


1 .05 


ns 


tOPW 


Overprogram Pulse Width 


Note 1 


0.95 


1 


21 


ms 


tov 


CE to Output Valid 


OE = Vil 






1 


MS 


tDFl 


CfTto Output in High-Z 


OE=Vil 






150 


ns 



A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl (lOOpF) 
10ns Max. 
0.45-2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 



TIMING WAVEFORMS (PROGRAM) 

(Vcc = 6V± 0.25V, Vpp = 21V + 0.5V) 



Note : 



3. 




Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 
Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent 
damage to the device. 

The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMM27256D's erasure is achieved by apply- 
ing shortwave .ultraviolet light which has a wave- 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (ultraviolet light intensity [w/ 
cm 2 ] x exposure time [sec] ) for erasure should 
be a minimum of 1 5 [w-sec/cm 2 ] . 

When the Toshiba sterilizing lamp GL-1 5 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 



ultraviolet light intensity is a 1 2000 [«w/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 1 2000 [//w/cm 2 ] 
x(20x60) [sec] =15 [w-sec/cm 2 ] .) 

The TMM27256D's erasure begins to occur 
when .exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000-4000A wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opaque seals-Toshiba 
EPROM Protect Seal AC901-are available. 



RATION INFORMATION 

The TMM27256D's six operation modes are list- 
ed in the following table. Mode selection can be 



achieved by applying TTL level signal to all inputs. 



MODE 


PIN NAMES(NUMBER) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


O0-O7 
(1 1 -13, 15-19) 


POWER 


Read Operation 
(Ta = 0~70-C) 


Read 


L 


L 






Data Out 


Active 


Output Deselect 


* 


H 


5 V 


5V 


High Impedance 


Active 


Standby 


H 


* 






High Impedance 


Standby 


Program Operation 
(Ta = 25±5'C) 


Program 


L 


H 






Data In 


Active 


Program Inhibit 


H 


* 


21V 


6V 


High Impedance 


Active 


Program Verify 


L 


L 






Data Out 


Active 



Note H : Vih, L : Vil. * : Vih or Vil 



The TMM272560 has two control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection . 

Assuming that CE = OE=Vil, the output data is 
valid at the outputs after address access time from 



stabilizing of all addresses. 

The CE to output valid (tcs) is equal to the address 
access time (tAcc). _ 

Assuming that CE = Vil and all addresses are 
valid, the output data is valid at the outputs after toE 
from the falling edge of OE. 



OUTPUT DESELECT M 

Assuming that CE=Vih or OE=Vm.the outputs 
will be in a high impedance state. 

So two or more TMM27256Ds can be con- 



nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

TheTMM27256D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256D in placed in the standby mode which 



Initially, when received by customers, all bits of 
the TMM27256D are in the "1 " state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 



The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
2 1 V) is applied to Vpp terminal , a high level CE input 
inhibits the TMM27256D from being programmed. 

Programming of two or more TMM27256Ds in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 21V) is 
applied to the Vpp terminal with Vcc=6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then the pro- 
grammed data is verified. This should be repeated 
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reduce the operating current to 25mA from 100mA 
(about 75% reduction) by applying MOS-high level 
(Vcc) and then the outputs are in a high impedance 
state, independent of the OE inputs. 



The TMM27256D is in the programming mode 
when the Vpp input is at 21 V and CE is at TTL-Low 
under OE = Vih. 

The TMM27256D can be programmed any loca- 
tion at anytime either individually, sequentially, or at 
random. 



The verify is accomplished with OE and CE at Vil. 



That is, all inputs except for CE may be commonly 
connected, and a TTL low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 



until the program operates correctly (max. 20 times). 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for initial programming is 
applied . 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 

This high speed program algorithm allows the 
programming of the TMM27256D to be accom- 
plished within one and a half minutes (typ.). 



HIGH SPEED 



( START ) 



TMM27256D-15 



A DDR ESS = 
STAHT ADDRESS 



ADDRESS= 
NEXT ADDRESS 



Vpp=21V 




PROGRAM Ids PULSE 




OVERPROORAM X PULSES OF 1msec 
OR ONE PULSE OF Xmsec DURATION 




FAIL ^ 



( FASH ^ 
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TMM27256D-15 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM27256D which identifies its manufacturer 
and device type. 

The programming equipment may read out man- 
ufacturer code and device code from TMM27256D 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor- 
ithm. 

Electric Signature mode is set up when 12V is 



applmed to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address Ao is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (O7). 

The following table shows electric signature of 
TMM27256D. 



PINS 


Ao 


0/ 


Oe 


5 


04 


3 


02 


Oi 


Oo 


HEX. 


signaturT~~~-~--^ 


(10) 


(19) 


(18) 


(17) 


(16) 


(15) 


(13) 


(12) 


(11) 


□ATA 


Manufacture Code 


V,L 


1 








1 


1 











98 


Device Code 


V,H 


1 








I 





1 








94 



A 9 = 12V±0.5V 

Ai-As. Aio-Au. CT, OE = Vu 



OUTLINE DRAWINGS 




Note 2 

Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 



Note : Toshiba does not assume anv responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, ai any time 

without notice, to change said circuitry. 
C'lAug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

TMM27256DI-15 
TMM27256DI-20 



32,768 WORD X 8 BIT NMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 



DESCRIPTION 

The TMM27256DI is a 32,768 wordx8 bit 
ultraviolet light erasable and electrically program- 
mable read only memory. 

For read operation, the TMM272B6DI's access 
time is 1 50ns/200ns, and the TMM27256DI oper- 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis- 
sipation without increasing access time. The standby 
mode is achieved by applying a TTL-high level signal 
to the CE input. 



For program operation, the programming is 
achieved by using the high speed programming 
mode. Program supply voltage is 21V which is the 
same voltage as TMM2764D , TMM27128D and 
TC57256D. 

The programming of TMM27256DI is accompli- 
shed within about one and a half minutes (typ.). 

The TMM27256DI is fabricated with the N- 
channel silicon double layer gate MOS technology. 



FEATURES 

• Wide operating temperature range : — 40 — 8b'C 

• Fast access time : TMM27256DI-1 5 150ns 

TMM27256DI-20 200ns 

• Low power dissipation 
Active : 120mA 
Standby : 25mA 

• Single 5V power supply 

PIN CONNECTION (TOP VIEW) 



vppc 1 

Aissl 2 
A 7 [ 3 
A 6 [ 4 
A 5 t 5 
A 4 [ 6 
A 3 I ■? 
Azt 8 
Ail 9 
Aq I 10 
t 11 
Q. t 1Z 
O a [ 13 

OND[ 14 



Z8 ] V CC 
27 ] A 14 
Z6 ] A 13 
25 ] A 8 
24 ] A 9 
23 ) Ail 
] OE 

) Aio 
] CE 
] 7 
] 6 

3 °5 
I 4 
] 3 



A0-A14 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + BV) 


GND 


Ground 



• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P 
and TMM23256P and CMOS EPROM 
TC57256D. 

• Standard 28 pin DIP cerdip package 



E o-T" 



Vpp ONI) 



VCC 
J_ 



K 



°4 °b °6 °7 

?' i i ? 



COLUMN 1/0 



MODE SELECTION 



PIN 

MODE~\^ 


cT 

(20) 


OE 

(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O? 
(1 1 -13, 15-19) 


POWER 


Read 


L 


L 






Data Out 


Active 


Output 
Deselect 


* 


H 


5V 


5V 


High Impedance 


Standby 


H 


* 






High Impedance 


Standby 


Program 


L 


H 






Data In 




Program 
Inhibit 


H 


* 


21V 


6V 


High Impedance 


Active 


Program 
Verify 


L 


L 






Data Out 





Note * : H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-22.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


Vi/o 


Input/Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


w 


TSOLDER 


Soldering Temperature • Time 


260 ■ 10 


"C-sec 


TSTG 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


-40-85 


•c 



READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4,75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.2 


Vcc 


Vcc + 0.6 


V 



D. C. and OPERATING CHARACTERISTICS (Ta= -40~85 C, Vcc = 5V±5%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0-Vcc 






±10 


*A 


icci 


Supply Current (Standby) 


CE = Vih 






25 


mA 


CC2 


Supply Current (Active) 


CE = Vil 






120 


mA 


VOH 


Output High Voltage 


Ioh=-400 / ;A 


2.4 






V 


Vol 


Output Low Voltage 


l0L=2.1mA 






0.4 


V 


ppi 


Vpp Current 


Vpp = 0~Vcc±0.6 






±10 


*A 


Ilo 


Output Leakage Current 


Vout=0.4~Vcc 






±10 


«A 


A. C. 


CHARACTERISTICS (Ta = -40-85"C, Vcc = 5V±5%, Vpp = 2.2V-Vcc+0.6V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


TMM27256DI-ie 




TMM27256DI-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE =OE = Vil 




150 




200 


ns 


tCE 


CE to Output Valid 


OE = V,l 




150 




200 


ns 


tOE 


OE to Output Valid 


CE = Vil 




70 




70 


ns 


tDFl 


CE to Output in High-Z 


OE=Vil 





60 





60 


ns 


tDF2 


OE to Output in High-Z 


CE = Vil 





60 





60 


ns 


tOH 


Output Data Hold Time 


CE = OE=Vil 












ns 



A. C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L =100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels ; 0.45V - 2.4V 

• Timing Measurement Reference Level : Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25'C, f= 1 MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin=OV 




4 


6 


pF 


COUT 


Output Capacitance 


Vout=OV 




8 


12 


PF 



* This parameter is periodically sampled and is not 100% tested. 




PROGRAM OPERATION 

D. C. and RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX 


UN II 


VlH 


Input High Voltage 


2.2 




Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voitage 


20.5 


21 .0 


21 .5 


V 



D. C. and OPERATING Ch 



(Ta = 25±5-C, Vcc = 6V±0.25. Vpp = 21 V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UN 1 1 


Ili 


Input Current 


Vin = 0~Vcc 






+ 10 


M A 


VOH 


Output High Voltage 


ioH=-400,t/A 


2.4 






V 


Vol 


Output Low Voltage 


loL=2.1mA 






0.4 


V 


Ice 


Vcc Supply Current 








120 


mA 


IPP2 


V»p Supply Current 


Vpp=21 .5V 






30 


mA 
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A. C. PROGRAMMING CHARACTERISTICS 



(Ta = 25±5"C, Vcc = 6V±0.25V, Vpp=21 V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN, 


TYP. 


MAX. 


UNIT 


t*s 


Address Setup Time 


— 


2 


— 




MS 


tAH 


Address Hold Time 


— 


2 


— 


- 


liS 


tCES 


CE Setup Time 


— 


2 


— 


— 


MS 


tCEH 


CE Hold Time 


— 


2 


— 


- 


MS 


tOES 


OE Setup Time 




2 


- 


- 


MS 


tOEH 


OE Hold Time 




2 






MS 


tDS 


Data Setup Time 




2 






MS 


tOH 


Data Hold Time 




2 






MS 


tvs 


Vpp Setup Time 




2 






MS 


tPW 


Initial Program Pulse Width 


CE = Vil, OE=Vih 


0.95 


1 


1 .05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


0.95 


1 


21 


ms 


tDV 


CE to Output Valid 


OE = Vil 






1 


MS 


tDFI 


CEfto Output in High-Z 


OE = Vil 






150 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Leve 



1 TTL Gate and C L (100pF) 
1 0ns Max. 
0.45-2.4V 

Input 0.8V and 2.0V. Output 0.8V and 2.0V 



Note : The length of the overprogram pulse may vary as a function of the counter value X. 



(Vcc=6V + 0.25V, Vpp = 21V±0.5V) 




Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMM27256DI's erasure is achieved by ap- 
plying shortwave ultraviolet light which has a wave- 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (ultraviolet light intensity [w/ 
cm 3 ] x exposure time [sec] ) for erasure should 
be a minimum of 15 [w-sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-1 5 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 



ultraviolet light intensity is a 12000 [^w/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 1 2000 [/iw/cm 2 ] 
X (20X60) [sec] =15 [w-sec/cm 2 ] .) 

The TMM27256DI's erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000-4000A (wavelength components.) 

Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 



The TMM27256DI's six operation modes are Mode selection can be achieved by applying TTL 

listed in the following table. level signal to all inputs. 



MODE 


PIN NAMES(NUMBER) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


0o~O7 
(11-13, 15 — 19) 


POWER 




Read 


L 


L 






Data Out 


Active 


Read operation 
(Ta = 40~8bT) 


Output Deselect 


* 


H 


bV 


bV 


High Impedance 


Active 


Standby 


H 


* 






High Impedance 


Standby 


Program 


Program 


L 


H 






Data In 


Active 


Operation 


Program Inhibit 


H 


* 


21V 


6V 


High Impedance 


Active 


(Ta = 25±5'C) 


Program Verify 


L 


L 






Data Out 


Active 



Note H : Vih, L : Vil, * : Vih or Vil 



READ MODE 

The TMM27256DI has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. Assuming that CE = 
OE=Vil, the output data is valid at the outputs after 

OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE = Vm,the outputs 
will be in a high impedance state. So two or more 
TMM27256Dls can be connected together on a 



address ^access time from stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address 
access time (Ucc). _ 

Assuming that CE=Vil and all addresses are 
valid, the output data is vali d at the outputs after toE 
from the falling edge of OE. 



common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



STANDBY MODE 

The TMM27256DI has a low power standby 
mode controlled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256DI is placed in the standby mode which 



reduce the operating current to 25mA from 1 20mA 
(about 80% reduction) by applying MOS-high level 
(Vcc) and then the outputs are in a high impedance 
state, independent of the OE inputs. 
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PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27256DI are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"Os* data into the desired bit locations by electrically 
programming . 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
2 1 V) is applied to Vpp terminal , a high level CE input 
inhibits the TMM 27256DI from being programmed. 

Programming of two or more TMM27256Dls in 
parallel with different data is easily accomplished. 




The Program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program- 
ming mode when the programming voltage ( + 21V) 
is applied to the Vpp terminal with Vcc = 6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then the pro- 
grammed data is verified. This should be repeated 



The TMM 27256DI is in the programming mode 
when the_Vpp input is at 21V and CE is at TTL-Low 
under OE = Vih. 

The TMM27256DI can be programmed any 
location at anytime either individually, sequentially, 
or at random. 



The verify is accomplished with OE and CE at Vil. 



That is, all inputs except for CE may be commonly 
connected, and a TTL low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 



until the program operates correctly (max. 20 tims). 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for initial programming is 
applied . 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 

= 5V. 

This high speed program algorithm allows the 
programming of the TMM27256DI to be accom- 
plished within one and a half minutes (typ.). 



TMM27256DI-15 
TMM27256DI-20 



HIGH SPEED PROGRAM MODE FLOW CHART 



Q START ^ 



ADDRESS= 
START ADDRESS 



V CC = 6V 



ADDRESS= 
NEXT ADDRESS 



V P p=2 IV 




OVER PROGRAM X PULSES OF lmeec 
OR ONE PULSE OF Xmeec DURATION 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM27256DI which identifies its manufacturer 
and device type. 

The programming equipment may read out man- 
ufacturer code and device code from TMM27256DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor- 
ithm . 

Electric Signature mode is set up then 12V is 



applied to address line Ag and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address Ao is set to Vih 

These two codes possess an odd parity with the 
parity bit of MSB (O7). 

The following table shows electric signature of 
TMM27256DI. 



PINS 


Ao 


7 


Oe 


Os 


O4 


3 


2 


Oi 


Oo 


HEX. 


S I G N AT URET~~~^--__^ 


(10) 


(19) 


(18) 


(17) 


(16) 


(15) 


(13) 


(12) 


(11) 


□ATA 


Manufacture Code 


Vil 


1 








1 


1 











98 


Device Code 


Vih 


1 








1 





1 








94 



Notes: 



A 9 =12V±0.5V _ 

Ai -As, A10-A14, CE, OE = Vil 



3 7.7 MAX. 



8.9 TYP. 



28 27 26 25 24 23 22 2120 19 18 17 16 15 
,i — 1 1 1 1 1 1 1 1 1 1 j — 1 1 j — 1 1— rn n r~i r~i n. 




Note 2 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 

Note Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aug.. 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

TC57256D-20 
TC57256D-25 



32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABEL READ ONLY 
MEMORY 



SILICON STACKED GATE MOS 



DESCRIPTION 

The TC57256D is a 32,768 word x 8 bit CMOS 
ultraviolet light erasableand electrically programmable 
read only memory. For read operation, the TC 
57256D's access time is 200ns, and the TC57256D 
operates from a single 5-volt power supply and has 
low power standby mode which reduces the power 
dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high 
level signal to the CE input. Advanced CMOS techn- 
nology reduces the maximum active current to 30 



Peripheral circuit: CMOS 
Memory cell : N-MOS 
Low power dissipation 

30mA/5MHZ (active) 

100*iA (standby) 
Fast access time TC57256D-20 200 ns 
TC57256D-25 250 ns 

(TOP VIEW) 



16 |o 4 
15 Jo, 



mA/5MHz and standby current to IOOji A. 

For program operation, the programming is achieved 
by using the high speed programming mode. Program 
supply voltage is 21V which is the same voltage as 
TMM2764D and TMM27128D. The programming of 
TC57256D is accomplished within about one and a 
half minutes (typ.) TC57256D is fabricated with the 
CMOS technology and the N-channel silicon double 
layer gate MOS technology. 



Single 5V power supply 

Full static operation 

High speed programming mode 

Inputs and outputs TTL compatible 

Pin compatible with ROM TC53257P and 

TMM23256P 

Standard 28 pin DIP cerdip Package 



HAGRAM 



v PP oNO v cc Q0 , 02 03 oa 05 06 , 

OE CE 



PIN NAMES 



E SELECTION 



A ~ A 14 


Address Inputs 


Oo ~0 7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply 
Voltage 


Vcc 


V cc Supply Voltage 
(+5V) 


GND 


Ground 



^^^^ PIN 


CT 


OE 


Vpp 


v cc 


~0, 




MODE^^\ 


(20) 


(22) 


(11 


(28) 


(11-13, 15 ~ 19) 


POWER 


Read 


L 


L 




5V 


Data Out 




Output Deselect 




H 


5V 


5V 


High Impedance 


• Active 


Standby 


H 






5V 


High 1 mpedance 


Standby 


Program 


L 


H 






Data In 




Program Inhibit 


H 




21V 


6V 


High Impedance 


Active 


Program Verify 


L 


L 






Data Out 
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SYMBOL 


ITEM 


RATING 


UNIT 


v cc 


Vcc Power Supply Voltage 


-0.6 ~ 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6 ~ 22.0 


V 


V|N 


Input Voltage 


-0.6 ~ 7.0 


V 


V|/0 


Input/Output Voltage 


-0.6 - V cc + 0.5 


V 


Pd 


Power Dissipation 


1.5 


w 


T SOLDER 


Soldering Temperature Time 


260-10 


°C ■ sec 


TSTRG 


Storage Temperature 


-65-125 


°C 


Topr 


Operating Temperature 


-40-85 


°C 



READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V IH 


Input High Voltage 


2.2 




V C C + 0-3 


V 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


Vcc + 0-3 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 - 85°C, V CC - BV ±5%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input current 


V|N = - V CC 






±10 


fA 


fccoi 


Operating Current 


CE =0 


f = 5MHz 






30 


mA 


'CC02 


f = 1MHz 






10 


mA 


fccS1 


Standby Current 


CE = V IH 






1 


mA 


ICCS2 


CE = V CC -0.2V 






100 


UA 


V H 


Output High Voltage 


Iqh = -400u/ 










V 


Vol 


Output Low Voltage 


Iql = 2.1mA 








0.4 


V 


Ippi 


Vpp Current 


V PP = - V CC + 0.3V 






±10 


HA 


Ilo 


Output. Leakage Current 


VquT " 0-4V 


~V CC 






±10 





A. C. CHARACTERISTICS (Ta = -40 - 85°C, V C c = 5V ± 5%, Vpp = 2.0V ~ V C c + 0.3V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC57256D-20 


TC57256D-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=0E = V| L 




200 




250 


ns 


km 


CE to Output Valid 


OE = V| L 




200 




250 


ns 


tOE 


OE to Output Valid 


CT = V, L 




70 




100 


ns 


tDFI 


CE to Output in High-Z 


OE = V 1L 





60 





90 


ns 


tDF2 


OE to Output in High-Z 


CE =V IL 





60 





90 


ns 


tOH 


Output Data Hold Time 


CE=OE = V| L 












ns 



A C TEST CONDITIONS 
Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Mesurement Reference Level 



1 TTL Gate and C L = 100pF 
10 ns Max. 
0.45 ~ 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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CAPACITANCE *(Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V, N = OV 




4 


6 


pF 


Cout 


Output Capacitance 


V 0UT = OV 




8 


12 


PF 



"This parameter is periodically sampled and is not 100% tested. 




IX 




K 






■Of 










/ 


'//////////////A 






i 




'Of 1 










W//A 












^ HIGH Z 











PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 




V CC + 0-3 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


1 Vpp 


Vpp Power Supply Voltage 


20.5 


21.0 


21.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = 25 ±5°C, V CC = 6V ±0.25V, V> P = 21V ±0.5) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 




Input Current 


V| N = o ~ v cc 




_ 


±10 


MA 


V H 


Output High Voltage 


l 0H = -400^A 


2.4 






V 


Vol 


Output Low Voltage 


I l - 2.1mA 






0.4 


V 


tec 


Vcc Supply Current 








30 


mA 


I P P2 


Vpp Supply Current 


Vpp = 21.5V 






30 


• mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 ±5°C, V CC = 6V ±0.25V, Vpp = 21 V ±0.5) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 




2 






lis 


tAH 


Address Hold Time 




2 






lis 


tCES 


CE Setup Time 




2 






lis 


tCEH 


CE Hold Time 




2 






lis 


l OES 


OE Setup Time 




2 






lis 


tOEH 


OE Hold Time 




2 






MS 


tDS 


Data Setup Time 




2 






MS 


<DH 


Data Hold Time 




2 






MS 


tvs 


Vpp Setup Time 




2 






MS 


tpw 


Initial Program Pulse Width 


CE=V IL ,OE=V|H 


0.95 


1 


1.05 


ms 


tQPW 


Overprogram Pulse Width 


Note 1 


0.95 


1 


21 


ms 


tDV 


CE to Output Valid 


OE = V| L 






1 


MS 


tDF1 


CE to Output in High-Z 


OE = V IL 






150 


ns 
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A C. TEST CONDITIONS 
Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 
10 ns Max. 
0.45 ~ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1 The length of the overprogram pulse may vary as function of the counter value X 



TIMING WAVEFORMS (PROGRAM) 

(V CC = 6V ± 0.25V, Vp P = 21V ± 0.5V) 



CE 



'CES <QES t OEH 'CES 



J t CEH 



• k -)£ 3 r HIGH 

~°7 ) r DIN STABLE ) 

Vrp J~ 



{j^fy ( STABLE ) 



PROGRAM 



INITIAL PROGRAM 



PROGRAM 



OVER PROGRAM 



Note: (1 ) Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

(2) Removing the device from socket and setting the device in socket with Vpp = 21V may cause per- 
manent damage to the device. 

(3) The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should 
not be applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pluse should not be exceeded 22V. 
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TC57256D-20 



ERASURE CHARACTERISTICS 

The TC57256D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength 
of 2537 A (Angstroms) to the chip through the trans- 
parent window. 

Then integrated does (ultraviolet light intensity 
[w/cm 2 ] x exposure time [sec.]) for erasure should 
be a minimum of 15 [w-sec/cm 2 ] . 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 



ultraviolet light intensity is a 12000 [(iw/cm 1 ] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated does is 12000 [/iw/cm ! ] x 
(20 x 60) [sec] a 15 [w-sec/cm s ] .) 

The TC57256D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000 ~ 4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seal Toshiba EPROM Protect 
Seal AC901 is available. 



OPERATION INFORMATION 

The TC57256D's six operation modes are listed by applying TTL level signal to all inputs, 
in the following table. Mode selection can be achieved 



— ELNJ^XMES {NUMBER) 

MODE " 


CE 
(20) 


Of 
(22) 


Vp P 
(1) 


Vcc 
(28) 


~0 7 
(11 ~ 13, 15 ~ 19) 


POWER 


Read Operation 
(Ta = -40 ~ 85°C) 


Read 


L 


L 






Data Out 


Active 


Output Deselect 




H 


5V 


5V 


High Impedance 


Active 


Standby 


H 








High Impedance 


Standby 


Program Operation 
(Ta - 25±5°C) 


Program 


L 


H 






Data In 


Active 


Programlnhibit 


H 




21V 


6V 


High Impedance 


Active 


Program Verify 


L 


L 






Data Out 


Active 



Note: H; V m , L; V )L< *; V )H or V| L 



READ MODE 

The TC57256D has two control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) control the output 
buffers, independent of device selection. Assuming 
that CE = OE = V||_, the output data is valid at the 
outputs after address access time from stabilizing of 



all addresses. 

The CE to output valid (tcE) is equal to the 
address access time (tA£C )• 

Assuming that CE = V||_ and all addresses are 
valid, the output data is v alid at the outputs after 
tQE f rom t ne falling edge of OE. 
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OUTPUT DESELECT MODE 

Assuming thatCE =V| H or OE = Vm, the outputs 
will be in a high impedance state. So two or more 
TC57256D's can be connected together on a common 



STANDBY MODE 

The TC57256D has a low power standby mode 
controlled by the CE signal. By applying a high 
level to the CE input, the TC57256D is placed in 
the standby mode which reduce the operating current 



PROGRAM MODE 

Initially, when received by customers, all bits 
of the TC57256D are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electri- 
cally programming. 



PROGRAM VERIFY MODE 

The verify mode is to check that desired data 
is correctly programmed on the programmed bits. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21 V) is applied to Vpp terminal, a high level CE 
input inhibits the TC57256D from being programmed. 

Programming of two or more TC57256Ds in 
parallel with different data is easily accomplished. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased 
by using this high speed programming mode. The 
device is set up in the high speed programming mode 
when the programming voltage (+21 V) is applied to 
the Vpp terminal with Vcc = 6V. 

The programming is acheived by applying a single 
TTL low level 1ms pulse to the CE input after 
addresses and data are stable. Then the programmed 
data is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and the programmed 
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bus line. When CE is decoded for device selection, 
all deselected devices are in low power standby mode. 



to 100>A by applying MOS-high level (Vcc) and then 
the outputs are in a high impedance state, independent 
of the OE inputs. 



The TC57256D is in the programming mode when 
the Vpp input is at 21V and CE is at TTL- Low under 
OE = V| H . 

The TC57256D can be programmed any location 
at anytime eitehr individually, sequentially, or at 
random. 



The varify is accomplished with OE and CE at 
V| L . 



That is, all inputs except for CE may be commonly 
connected, and__a TTL low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 



data is verified. This should be repeated until the 
program operates correctly (max. 20 times). 

After correctly programming the selected address, 
the additional program pulse with width equal to 
that needed for initial programming is applied. 

When programming has been completed, the data 
in all addresses should be varified with Vcc = Vpp 
= 5V. 

This high speed program algorithm allows the pro- 
gramming of the TC57256D to be accomplished 
within one and a half minutes (typ.). 
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TC57256D-20 
TC57256D-: 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a 
code from TC57256D which identifies its manu- 
facturer and device type. 

The programming equipment may reads out 
manufacturer code and device code from TC57256D 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is 



applied to address line As and the rest of address 
lines is set to V||_ in read operation. Data output in 
this conditions is manufacturer code. Device code 
is identified when address An is set to Vm. These 
two codes possess an odd parity with the parity bit 
of MSB (0?). 

The following table shows electric signature of 
TC57256D. 



PINS 


Ao 


°- 


o. 


05 


04 


03 


02 


r~o, 


0' 


HEX. 


SIGNATURE""-------^ 


(10) 


(19] 


(18) 


(17) 


(16) 


(15) 


(13) 


(12) 


(11) 


DATA 


Manufacture Code 


V|L 


1 








1 


1 








98 


Device Code 


V| H 














| 1 








04 



Notes: A;, = 12V + 0.5V 

Ai - As, Am - An , CE , OE - V| L 




Unit In mm 



— H— o.25 I 



Note: 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect to No. 1 and No. 28 leads. 

2 . This value is meesured at the end of leads . 

3. All dimensions are in millimeters. 
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64K BIT (8K WORD X 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE 



TMM2365P 



The TMM2365P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro- 
processor. 

The TMM2365P is fully compatible with a 64 K 
bits EPROM TMM2764D, so completely replace 
EPROM socket. 

The TMM2365P also features an automatic stand- 
by power mode. When deselected by Chip Enable 



(CE] ~ 3/CE1 _ 3 ), the operating current is reduced 
from 100mA (MAX) to 25mA(MAX). Output Enable 
(OE) is effective in preventing data confliction of a 
common bus line. 

The TMM2365P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2365P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 



FEATURES 

• Single 5V power Supply 

• Access Time: 200ns max. 

• Power Dissipation 

Average Current: 100mA max. 
Standby Current: 25mA max. 

• Input and Output: TTL Compatible 



Three State Outputs: Wired OR Capability 
Output Buffer Control: OE 
Programmable Chip Enable: CE, /CEi , CE 2 /CE~ 2 
CE3/CE3 

Easy Memory Expansion 
Compatible with 64K EPROM TMM2764D 



N. C. C 
A,,C 
A, C 
A6 C 
A 5 C 
A 4 C 
A, C 
A 2 C 
A, C 
Ao C 
Do C 
D, C 
D, C 

GND C 



PIN NAMES 



□ v cc ^ 

^CEi/CEi/NC 

□ CEj/CEl/NC 
3A, 

□ A, 
BA„ 

□ OE 
3A|0 _ 

CE3/CE3 
H D, 

□ P« 
3 s 
30, 
3D, 



A ~A,j 


Address inputs 


D„ ~D 7 


Data outputs 


Of 


Output enable input 


CE,/cr,,CEj/ 
CE 2 .CE 3 /CE 3 


Chip enable inputs 


N. C. 


No connection 


Vcc 


Power supply terminal 


GND 


Ground 



V cc GND 



CE,/CT, O 1 


HOT 
D CC 


CEa/Cfj O— 


0. w 
Z U- 
— u. 




LU □ 

to 


CE 3 /fi¥j O . 




i 


Ao O— 




A] O— 


CO 


A 2 O— 


CC 


A 3 O— 


LL 

u. 


A 4 0— 


z> 

m 


A s 0— 
A 6 O— 


NPUT 


A 7 0— 


CO 


A» O— 


CO 
LU 


A, O— ■ 


tr 

Q 


A|oO— 


Q 
< 


*llO» 




A,jO— 









ff 



D„D, D 2 D 3 D 4 D S D 6 D, 
???????? 



OUTPUT BUFFERS 



8 



COLUMN 
DECORDERS 



256 > 



7\ 



MEMORY CELLS 
256 X 3 2 « 8 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


V IN. V OUT 


Input and Output Voltage 


-0.5 ~ 7.0 


V 


T OPR 


Operating Temperature 


0-70 


°c 


TgjG Storage Temperature 


-55-150 


°c 




Soldering Temperature • Time 


260 • 10 


°C ■ sec 


Po 


Power Dissipation (Ta = 70°C) 


1.0 


W 




(Ta=O-70-C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 




2.0 




V CC +1 


V 


V|L 


Input Low Voltage 




-0.5 




0.8 


V 


v cc 


Power Supply Voltage 




4.5 


5.0 


5.5 


V 



. and OPERATING I 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


l|H 


Input High Current 


V| N = 5.5V 




10 


MA 


l|L 


Input Low Current 


V| N - GND 




-10 


MA 


V H 


Output High Voltage 


I OH ■ -400)JA 


2.4 




V 


Vol 


Output Low Voltage 


I l = 3.2mA 




0.4 


V 


Ilo 


Output Leakage Current 


OV < Vqut < Vcc 


-10 


10 


MA 


'cci 


Standby Cu'rent 


CE - 2.0V, CE = 0.8V 




25 


mA 


ICC2 


Average Current 


t CY c=200nS. louT=0mA 




100 


mA 



A.C. CHARACTERISTICS (Ta = ~ 71 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


'acc 


Access Time 




200 


ns 


tCE 


Output Delay Time from CE1-3/CE1-3 




200 


ns 


tOE 


Output Delay Time from OE 




70 


ns 


tOD 


Output Turn off Delay 




60 


ns 


tCYC 


Cycle Time 


200 




ns 



• Output Load : 1TTL Gate + 100pF 

• Input Rise and Fall Times 110% -90%) : 5 ns 

• Input Pulse Levels :0.8~2.2V 



• Timing Measurement Reference Levels : 

Input ; 1V and 2.0V 
Output; 0.8V and 2.0V 
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TMM2365P 



CAPACITANCE (Ta = 25°C, f - 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V| N • A.C. GND 




8 


pF 


C OUT 


Output Capacitance 


Vout = A.C. GND 




10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 



A ~ A i: 



CE, ~ 3 (CE, ~ 3 ) 



I! 



D„~7 



I! 



ADDRESS STABLE 



CE, ~3 



I! 



X 



DATA VALID 



Note: t OD is specified from OE or CE/CE, whichever occurs first. 



POWER ON 



The TMM2365 has self substrate-bias generator 
internally. So a minimum 100ms time delay is 



required after the application of V cc (4.5 ~ 5.5V) 
before proper device operation is achieved. 
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28 27 26 25 24 23 22 21 20 19 18 17 16 15 



rjir|innr|irirti | ftirhr|ir|ir^rtirtL 



lLj m_i i_1_t lIj lLi lJj ' lLj i_Li Lin^r 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 



37.4MAX. 












Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 28 leads. 



r: Toshiba does noi assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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64K BIT (8K WORD X 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE MOS 



TMM2366P 



DESCRIPTION 

The TMM2366P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro- 
processor. 

The TMM2366P also features an automatic standby 
power mode. When deselected by Chip Enable (CE/ 
CE), the operating current is reduced from 100mA 
(MAX) to 25mA (MAX). 



The TMM2366P is fabricated with ion implanted 
N-channel silicon gate technology. 
This technology allows a production of high perform- 
ance. 

The TMM2366P is moulded in a 24 pin standard 
plastic package, 0.6 inch in width. 



• Single 5V power Supply 

• Access Time: 200ns max. 

• Power Dissipation 

Average Current: 100mA max. 
Standby Current: 25mA max. 



• Input and Output: TTL Compatible 

• Three State Outputs: Wired OR Capability 

• Programmable Chip Enable: CE/CE 

• Compatible with TMS4764 



PIN NAMES 




A ~ A I2 


Address inputs 


D ~D 7 


Data outputs 


CE/CE 


Chip enable input 


Vcc 


Power supply terminal 


GND 


Ground 



V C c GND o d, D 2 D 3 D 4 D 5 D 6 D 7 

? I 



Control 
Circuit 



A 2 
A 3 
A4 
As 
A6 
A 7 
A, 
A, 
Alt 



II 



Output 
Buffers 



Column Decorders 











to 






icord 


256 ) 








D 






Row 




-> 







Memory Ceils 
256 x 32 x 8 
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TMM2366P 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


un r 


Vcc 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V(N. VouT 


Input and Output Voltage 


-0.5 ~ 7.0 


V 


T OPH 


Operating Temperature 


0~70 


°c 


T STRG 


Storage Temperature 


-55-150 


°c 


TsD 


Soldering Temperature Time 


260 • 10 


°C • sec 


P D 


Power Dissipation {Ta = 70°C) 


1.0 


W 



D.C. OPERATING CONDITIONS (Ta = 0-70'C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Vm 


Input High Voltage 




2.0 




Vcc+1 


V 


VlL 


Input Low Voltage 




-0.5 




0.8 


V 


Vcc 


Power Supply Voltage 




4.5 


5.0 


5.5 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


l|H 


Input High Current 


V| N - 5.5V 




10 


HA 


Hi 


Input Low Current 


V tN = GND 




-10 


MA 


V OH 


Output High Voltage 


'OH * -400mA 


2.4 




V 


Vol 


Output Low Voltage 


l L " 3.2mA 




0.4 


V 


Ilo 


Output Leakage Current 


OVgV OUT gV C c 


-10 


10 


MA 


Icci 


Standby Current 


CE = 2.0V. CE = 0.8V 




25 


mA 


'CC2 


Average Current 


t C YC = 200ns. 1 out = 0mA 




100 


mA 
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TMM2366P 



A.C. CHARACTERISTICS (Ta = ~ 70°C. V cc = 5V ± 10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


l ACC 


Access Time 




200 


ns 


'CE 


Output Delay Time from CE/CE 




200 


ns 


'OD 


Output Turn off Delay 




60 


ns 


tCYC 


Cycle Time 


200 




ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Rise and Fall Times ( 1 0% ~ 90%) 

• Input Pulse Levels 

• Timing Measurement Reference Levels 



1TTL Gate + 100pF 
5 ns 

0.8 ~ 2.2V 

Input; Wand 2.0V 

Output; 0.8V and 2.0V 



CAPACITANCE (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


Cin 


Input Capacitnace 


V| N = A.C. GND 




8 


pF 


COUT 


Output Capacitance 


VoUT = A.C. GND 




10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 



An ~ An 



D„~D, 



ADDRESS STABLE 



X 



T ACC 



X 



DATA VALID 



> 



POWER ON 

The TMM2366 has a self substrate-bias generator required after the application of V cc (4.5 ~ 5.5V) 
internaly. So a minimum 100 us time delay is before proper device operation is achieved. 
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TMM2366P 



OUTLINE DRAWING 



24 23 22 21 20 19 18 17 16 15 14 13 
fprjirjirhrprji j rfirjirftrjiiji rf i 




Note : Each lead pitch is 2.54mm- All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No. 24 leads. 



Note- Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, ancJ Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
©Aug.. 1985Toshiba Corporation 
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Distributed by 



TOSHIBA MOS MEMORY PRODUCTS 

TMM23128P 



128K BIT (16K WORD X 8 BIT) MASK ROM 

N-CHAIMNEL SILICON GATE 



DESCRIPTION 

The TMM23128P is a 131,072 bit read only 
memory organized as 16,384 words by 8 bits with 
low bit cost, thus being suitable for use in program 
memory for microprocessor and character generator. 

The TMM23128P is fully compatible with a 128K 
bits EPROM TMM27128D, so completely replace 
EPROM socket. 

The TMM23128P also features an automatic 



standby power mode. When deselected by Chip 
Enable (CEi, 2/CE1, 2), the operating current is 
reduced form 80mA (Max.) to 20mA (Max.). Output 
Enable (OE) is effective in preventing data confliction 
of a common bus line. The TMM23128P is fabricated 
with ion implanted N-channel silicon gate technology. 
The TMM23128P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 



Fully Static.Operation 
16,384 word x 8 bit Structure 
Single 5V Power Supply 
tAcc = 200ns Max. 



• T, 



opr 



:0~ 70°C 



Ice ope 
Ice sby 



= 80mA Max. 
■- 20mA Max. 




PIN NAMES 



Input and Output TTL Compatible 

Three State Outputs 

Programmable Chip Enable 

Pin Compatible with EPROM TMM27128D 

28 pin 600 mil. width DIP Plastic Package 



BLOCK DIAGRAM 



A ~ A 13 


Address Inputs 


Do ~D, 


Data Outputs 


CE, ~ 2 /CEi ~ 2 


Chip Enable Inputs 


OE 


Output Enable Input 


NC 


No Connection 


Vcc 


5V Power Supply 


Vss 


Ground 



OEC- 
CEi/CEiO- 



CE 2 /CE 2 C 



AOO 
A, 
A,0 
A 30 
A4O 
A 5 O 
A 6 O 
A, O 
A S O 
A 9 O 
A 10O 
A11O 
A120 
A13O 



V C C V SS Do Di D 2 D 3 D4D 5 D 6 D7 



\ 1 



IE D 
(- U 
Z DC 



11 



OUTPUT ^ OUTPUT BUFFER 
CONTROL 



COLUMN DECODER 



MEMORY CELL 
ARRAY 
16,384x8 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N. V OUT 


Input and Output Voltage 


-0.5-7.0 


V 


P D 


Power Dissipation (Ta = 70°C) 


1.0 


w 


ToPR 


Operating Temperature 


0-70 


°c 


T STG 


Storage Temperature 


-55 - 1 50 


°c 


TSOLDER 


Soldering Temperature • Time 


260-10 


°C • sec 



D.C. OPERATING CONDITIONS (Ta=0~70 C) 



SYMBOL 


ITEM 


UN. 






Vcc 


Power Supply Voltage 


4.5 


5.5 


V 


V|H 


Input High Voltage 


2.2 


V CC + 1 


V 


VlL 


Input Low Voltage 


-0.5 


0.8 


v 



D.C. AND OPERATING CHARACTERISTICS (Ta = - 70°C) 



SYMBOL 


ITEM 


CONDITIONS 


MIN. 


MA*. 


UNIT 


l|N 


Input Current 


0V i V| N ^ V CC 




±10 


MA 


lio 


Output Leakage Current 


OVgVouT ^V cc 




±10 


ma 


Ioh 


Output High Current 


V 0H = 2.4V 


-400 




ma 


bl 


Output Low Current 


V 0L ■ 0.4V 


3.2 




mA 


be °P e 


Operating Current 


Min. Cycle 




80 




Ice sb v 


Standby Current 


Note 1 


~~ 


20 




Note 1 : Standby sta 


te occurs when either CE]/CE j or CE 2 /Ce2 is disenabled. 








CAPACITAN( 


!E (Ta = 25°C,f = 1MHz) 










SYMBOL 


ITEM 


CONDITIONS 


MIN. 


MAX. 


UNIT 


C|N 


Input Capacitance 


V| N - AC GND 




8 


pF 


COUT 


Output Capacitance 


Vout = AC GND 




10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 




A.C. CHARACTERISTICS (Ta = ~ 70°C, V CC = 5V ± 10%) 



SYMBOL 


ITEM 


Ml N. 


MAX. 


UNIT 


tACC 


Access Time 




200 


ns 


tCE 


Output Delay Time from CEi --2/CE1 -2 




200 


ns 


tOE 


Output Delay Time from OF 




70 


ns 


too 


Output Turn Off Delay 




60 


ns 


tCYC 


Cycle Time 


200 


— 


ns 



AC Test Conditions 

• Output Load 

• Input Rise and Fall Times (10% to 90%) 

• Input Pulse Levels 

•Timing Measurement Reference Levels 



Aq ~-Ai 3 



X 



1 TTL+ lOOpF 
5 ns 

0.6V to 2.4V 

Input : 0.8V and 2.2V 

Output : 0.8V and 2.0V 



'CYC 



ADDRESS STABLE 



CE[ ~ 2 (CE, ~ 2 > 



5 



CE[ ~ 2 



CEi ~ 2 



X 



X 



1 



DATA VALID 



> 



1) t CE specifies the time Intervel of CEi ~ 2 (CE i ~ 2 ) to become ectlve until It is actually being output 

2) t OD Is specified from OE or CE, whichever occure first. 



APPLICATION INFORMATION 

TMM23128P has self substrate-bias generator required after the application of Vcc (4.5V to 
internally. So a minimum 100jis time delay is 5.5V) before proper device operation is achieved. 
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TMM23128P 



OUTLINE DRAWINGS Un|t|nmm 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 



ift rfi rfi ift tti..iti.iji 



't* l t 1 't 1 'T 1 f t l l t l "t 1 



9 10 11 12 13 14 





Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry, 
©Aug . 1985 Toshiba Corporation 
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Distributed by 



256K BIT (32K WORD X 8 BIT) MASK ROM 

N-CHANNEL SILICON GATE 



TMM23256P 



DESCRIPTION 

The TMM23256P is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable for use in 
character generator. 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA). 

The TMM23256P also features an automatic stand- 
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 

FEATURES 

• Single 5V Power Supply 

• Fast Access Time : 150ns (Max.) 

• Low Power Dissipation 

Average Current : 40mA (Max.) 
Standby Current : 10mA (Max.) 

• Inputs protected : All Inputs have Protection 

Against Static Charge 
EJECTION 




A ~ A, 4 


Address Inputs 


Do ~ D, 


Data Outputs 


OE 


Output Enable Input 


CE 


Chip Enable Input 


M.C. 


No Connection 


Vcc 


Power Supply Terminal 


GND 


Ground 



10mA. Output Enable (OE) is effective in preventing 
data confliction on a common bys line. 

The TMM23256P uses the address latch system 
that the falling edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used. 

The TMM23256P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production on high performance. 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 0,6 inch in width. 

• Edge Enabled Operation : CE 

• Output Buffer Control : OE 

• Input and Output : TTL Compatible 

• Three State Outputs : Wired OR Capability 

• 28 pin Standard Plastic DIP 



BLOCK Oli 



V cc GND 



Chip, Enable 
Input Buffer 
and Clock 



An < 
*1 < 

A: < 

A 3 < 
A 4 ( 
A S < 



A 8 
A, 



A,1C 
A 12 C 



D D i D 2 D % C 


4 D S D 6 D 7 


ITT! 


TUT 


Output 


Buffers 






COlL 




Decoder 




--8 x 64 


262,14 


4 bits 


Memorv cell 


arrav 
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SYMBOL 


ITEM 


RATING 


UNIT 


V CC 


Power Supply Voltage 


-0.5-7.0 


V 


V IN . V OUT 


Input and Output Voltage 


-0.5-7.0 


V 


To PR 


Operating Temperature 


0-70 


°c 


T STRG 


Storage Temperature 


-55 - 1 50 


°c 


T SOLDER 


Soldering Temperature ■ Time 


260 • 10 


°C ■ sec 


P D 


Power Dissipation (Ta = 70° C) 


1.0 


W 



D.C. OPERATING CONDITIONS (Ta=0~70 C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 




2.2 




Vcc + 1 


V 


V,L 


Input Low Voltage 




-0.5 




0.8 


V 


v cc 


Power Supply Voltage 




4.5 


5.0 


5.5 


V 




(Ta = 0~70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


1YP 


MAX. 


UNIT 


l|H 


I nput High Current 


V| N = 5.5V 




0.05 


10 


MA 


l|L 


Input Low Current 


V| N = GND 




-0.05 


-10 


MA 


V H 


Output High Voltage 


Iqh = -400 fx A 


2.4 


3.3 




V 


Vol 


Output Low Voltage 


Iql = 3.2mA 




0.3 


0.4 


V 


'loh 


Output Leakage Current 


V 0U T - 5.5V 


CE = 2.2V or 
OE = 2.2V 




0.05 


10 


uA 


'lol 


VquT = 0.4V 




-0.1 


-20 


*«A 


'cci 


Standby Current 


CE = 2.2V 






10 


mA 


to 


Average Current 


tcYC = 230ns. Iqut = 0mA 






40 


mA 



• Typical values are at Ta = 25°C and V cc = 5V. 




(Ta = 25°C, f - 1 MHz} 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNI I 


Qn 


Input Capacitance 


V, N =A.C. GND 




5 


10 


pF 


Qdut 


Output Capacitance 


Vqut ■ A.C. GND 




8 


15 


PF 



Note : This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = 0~70°C, V CC = 5V±10%! 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


tCE 


CE pulse width 




150 






ns 


'AS 


Address Setup Time 











ns 


'ah 


Address Hold Time 




30 






ns 


tACC 


Access Time 








150 


ns 


'oo 


Output Delay Time form OE 








70 


ns 




Output Turn off Delay 








70 


ns 


'CC 


CE off Time 




70 






ns 


ICYC 


Cycle Time 


'AS un s, V. tf = 5ns 


230 






ns 



. Typical values are at Ta = 25"C and V cc = 5V. 



A.C. TEST CONDITIONS 

• Output Load : 1TTL Gate + lOOpF 

• Input Rise and Fall Times (10% ~ 90%) : 5ns 

• Input Pulse Levels : 0.8- 2.4V 

• Timing Measurement Reference Levels : Input ; IV and 2.2V 

Output ; 0.8V and 2.0V 




'CYC 



Noted) t OD is specified from OE or CE . whichever occurs first. 
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TMM23256P 



OPERATION INFORMATION 

The TMM23256P has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. The falling 
edge of the CE will activate the device and latch the 
addresses. The output enable (OE) control the out- 



put buffers, independent of device selection. Assum- 
ing that OE = V|l, the output data is valid at the 
outputs after tACC (150ns) from the falling edge of 
the CE. 



The operation modes of the TMM23256P are listed in the following table. 



MODE 


CE 


ADDRESS 


OE 


OUTPUT 


POWER 


Standby 


H 






High Impedance 


Standby 


Latch 


~t_ 


Valid 




High Impedance 




Read 


L 




L 


Data Out 


Active 


Output Deselect 


L 




H 


High Impedance 


Active 



Note • Don't care 

•* : Address may change after t A H . 
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APPLICATION INFORMATION 



1. POWER SUPPLY DECOUPLING 

The operating current Ice waveforms for TMM 
23256P are shown in Fig. 1 , 2. 

The TMM23256P is a clocked device, so the tran- 
sient current peaks are produced on the CE transition 
and CE active level. 

The Ice current transients require adequate de- 
coupling of Vcc power supply. 

2. POWER ON 

The TMM23256P requires initialization prior to 
normal operation. Two initialization methods are as 
follows: 

(1) A minimum 100jjs time delay is required 
after the application of Vcc (+5V) before 
proper device operation is achieved. And dur- 
ing this period, CE must be at Vih level, 

(2) A minimum 100ms time delay is required 
after the application of Vcc (5V), and then a 
minimum of one initialization cycle must be 
performed before proper device operation is 
acheived. 

Initialization cycle : An initialization cycle is one 
Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 
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TMM23256P 




100 200 300 400 500 
Time (ns) 
Fig. 1 l cc vs. Tima (1) 
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A 








V 


I 






A 
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J 








J 





















100 200 300 400 500 
Time (ns) 

Fig. 2 l cc vs. Tim» (2) 



28 27 26 25 24 23 22 21 20 19 16 17 16 

nnnn nnnnnnnnnn 




uuuuuuuuuuuuuu 

10 11 12 13 14 



X 

< 




ei 



Note : Each lead pitch is 2 .54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 28 leads. 



Not.: Toshiba does not ..sum. ,„y responsibility (or us. of any circuitry described, no circuit pat.nt licenses .r. impl.M. and Toshiba 

the right, at any time without notice, to change said circuitry. 
©Aug . lT)85 Toshiba Corporation 



TOSHIBA MOS MEMORY PRODUCTS 

TC5364P 



64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 



DESCRIPTION 

The TC5364P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC5364P using CMOS technology is most suitable for 
low power applications such as battery operated 
system. 

The TC5364P is asynchronous type ROM which is 
consisting of address latch circuit, static memory 



Single Power Supply: 5V 
Access Time : 250 ns 
Low Power Dissipation 

Operating Current: 7mA (Max.) 

Standby Current: 20/jA (Max.) 
Wide Operating Temperature Range: -40 ~ 85°C 
Pin Compatible with 64K EPROM TMM2764 and 
NMOS ROM TMM2364/2365 



nc/pd/pdC 1 

Al2C 2 

A 7C 3 

A 6 C 4 
»S[S 

A 4C 6 

»3[ J 

*![ B 

»l[ 9 

A »: 10 

D 0C 11 

°J C 12 

D 2 L" 13 

GNDC 14 



28 3 V OD 

27 3 NC/CE l /CF 1 

26 3 NC/CE 2 /CE 2 

25 ]A, 

24 3 A, 

23 3 A„ 

21 3 A 10 

20 2 CE 3 /CE 3 

19 3 D 7 

18 3 D 6 

17 3 D 5 

16 3 D„ 

15 3 D j 



PIN NAMES 



A ~ A 12 


Address inputs 


D ~ D 7 


Data outputs 


CE, ~CE 3 


Chip enable inputs 


Pd~ 


Power down input 


OE 


Output enable input 


NC 


No connection 


Vqd 


Power Supply 


GND 


Ground 



cells and clocked peripheral circuitry. The falling 
edge of CE3 (or rising_edge of CE3) latches all inputs 
except for OE and PD/PD. 

The TC5364P has a PD/PD (optional) input for 
device power saving, and also has three programma ble 
chip enable inpjjte (CEi ~3/CEi ~ 3) andoneoutput 
enable input (OE) for fast memory access and output 
control. 

The TC5364P is moulded in a 28 pin standard 
plastic package. 



Edge Enable Operation: CE3/CE 3 
Address Latch Type 

Programmable Power Saving Input PD/PD/NC 
Programmable Chip Select: CEi , CE2, CE3, Easy 

Memory Expansion 
All Inputs and Outputs: TTL Compatible 
Three State Outputs 



BLOCK DIAGRAM 



CE 2 
CE3 



A4 c 
A6C 



A 9 o— 



D D, D 2 D 3 D 4 D S D 6 D7 




11 



OUTPUT BUFFERS 



COLUMN DECODERS 



8,192 x 8 bit 
Memory Cell Array 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vpo 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


V|N 


Input Voltage 


-0.5-7.0 


V 


v OUT 


Output Voltage 


0~ V DD 


V 


PD 


Power Dissipation 


1.0 


w 


T opr 


Operating Temperature 


-40-85 


°c 


T stg 


Storage Temperature 


-55-150 


°c 


T SOLDR 


Soldering Temperature Time 


260 • 10 


°C-sec 



D.C. OPERATII 




(Ta = -40 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.5 


V 


V|H 


Input High Voltage 


2.2 


V DD + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C. V DD = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


MAX. 


UNIT 


l|N 


Input Leakage Current 


OV g V| N ^ V DD 




+ 1.0 


MA 


Ilo 


Output Leakage Current 


OV g V OUT g V DD 




±5.0 


HA 




Output High Current 


V 0H = 2.4V 


-1.0 




mA 




Output Low Current 


v 0L = 0.4V 


2.0 




mA 


Iddoi 


Operating Current 


(CE, V| H ) =2.2V 
(CT, V, L ) =0.8V 

tCYC " 




10 


mA 


!dD02 


(CE. V| H ) =V DD -0.2V 
(CT.V| L ) =0.2V 
tCYC ■ ICS 




7 


mA 


Iddsi 


Standby Current 


(CE.Vih) =2.2V CE=0.8V 
ICE, V, L ) = 0.8V CE =2.2V 
Output = OPEN 




5 


mA 


l DDS2 


(CE) =0.2V. ICE ) = Vdd -0-2V 
V| N = 0.2V or V DD -0.2V 
Output = OPEN 




20 


*lA 



CAPACITANCE* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 




Input Capacitance 


V lN = OV 


8 


pF 


COUT 


Output Capacitance 


VOUT = OV 


10 


pF 



'This parameter is periodically sampled and is not 100% testBd. 
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HHHHi 




TC5364P 

■hhI 



(Ta=-40~85"C, Vdd = 5V±10%) 



SYMBUL 


DA D AMICTCD 

rAHAMt 1 tn 


MIN. 


MAX. 


UNIT 


l ACC 


Chip Enable Access Time 




250 


ns 


tOE 


Output Enable Access Time 




100 


ns 


l AS 


Address Set up Time 


g 






*AH 


Address Hold Time 


50 




ns 


'cc 


Chip Enable Off Time 


90 




ns 


tCES 


Chip Enable Setup Time from PD /PD 


90 




ns 


tOED 


Output Disable Time from OE 




90 


ns 


tCED 


Output Disable Time from CE3/CE3 




90 


ns 


tP0H 


Output Hold Time from PD/PD 




90 


ns 


'CYC 


Cycle Time 


350 




ns 



Note 1 : Assumes than OE delay time to CE 3 /CE 3 ^ t ACC - t OE 

A.C. TEST CONDITIONS 

• Output Load: 100pF + 1 TTL Gate 

• Input Levels: V| L = 0.6V, V| H = 2.4V 

• Timing Measurement Rference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5 ns 



CE, -'CLi. CEz/CE? 



X 



x — : < 



D ~-D 7 - 



OPERATION MODE 



X 



X 



> 



MODE 


PD (PD) 


CE, (CE t ) 


CE 2 (CE 2 ) 


CE 3 (CE 3 ) 


OE 


Outputs 


Read 


L(H) 


H(L) 


H(L) 


HJT(LT) 




L 


Valid 




H(LI 




* 






* 




Output 
Deselect 




L(H) 








* 








L(H) 








High-Z 








L(H) 




* 
















H 




Not.: H : V, H , L: V, L V 


V m or V, u 
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TC5364P 




Unit: mm 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

rp rp rp rp rp r"ji rp- rp rp r j ~i rp r~p rp r^ rL 



L-jj L^J u[_ f 1 _[_ T ~l[T lJj l[j l[j L-[j L-[j l|j 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 




Note: Toshiba does not assume any responsibility 'or use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circu itry. 
© Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 

64K BIT (8K WORD X 8 BIT) CMOS MASK ROM TC5365P 

SILICON GATE MOS T^^5365F 



DESCRIPTION 

The TC5365P/F is a 65,536 bit read only mem- 
ory organized as 8, 1 92 words by 8 bit with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor, and in character generator. The 
TC5365P/F using CMOS technology is most suitable 
for low power applications where battery operation is 



required . 

The TC5365P/F has three programmable chip 
enable input CE i ~ CE3/CE 1 ~ CE3 , for device selec- 
tion and one output enable input (OE) for fast mem- 
ory access and output control. 



FEATURES 

• single 5V Power Supply 

• Access Time : 250ns(Max.) 

• Power Dissipation 
Operating Current : 7mA(Max.) 
Standby Current : 20,uA(Max. ) 

• Pin Compatible with 64K EPROM TMM 2764D 

• Full Static Operation 



» Programmable Chip Enable 

> All Inputs and Outputs : TTL Compatible 

► Three State Outputs 
» Package 

Plastic DIP: TC5365P 
Plastic FP : TC5365F 



(TOP VIEW) 



NC C 1 
A12 C 2 
A7 [ 3 
A6 C 4 
A5 C 5 
A4 C 6 
A3 C 7 
A2C8 
Al C 9 
AO C 10 
DO C 11 
Dl C 12 
D2 C 13 
GND E 14 



23 
22 
2lb 
20 p 

19 

ie 

17 
16 



3 V DD 

3 NC CE- CE 1 
3 NC CE, CE, 
3 A8 
3A9 
3A11 
30E 
A10 

CE3CE3 
3D7 
D6 
3D5 
3D4 
J D3 



Ao~Ai2 


Address Inputs 


D0-D7 


Data Outputs 


NC 


No connection 


CEi-CEa/CET-CE^ 


Chip enable inputs 


OE 


Output enable input 


Vdo 


Power supply 


GND 


Ground 



DD GND 



CEj 

CE2» 

CE3 



3> 



Do Dl 02 3 D 4 D 5 Dg D 7 

MHMf f 




OUTPUT BUFFERS 



COLUMN DECODERS 



8,192x8 bits 
Memory Cell Array 
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TC5365P 
TC5365F 



SYMBOL 


ITEM 


RATING 


UNITS 


Vdo 


Power Supply Voltage 


-0.5-7.0 


V 


VlN 


Input Voltage 


-0.5-7.0 


V 


VOUT 


Output Voltage 


O-Vdd 




Po 


Power Dissipation 


1.0/0.6' 




Topr 


Operating Temperature 


-40-85 


•c 


TSTG 


Storage Temperature 


-55-150 


•c 


TsOLOER 


Soldering Temperature-Time 


260-10 


°C-sec 



NOTE : * Plastic FP 




(Ta=-40-85-C) 



SYMBOL 


PARAMETER 


MIN 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.5 


V 


Vih 


Input High Voltage 


2.2 


Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0.3 


0.8 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = -40-85C, Vod = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX, 


UNIT 


llN 


Input Leakage Current 


OVSVinSVdd 




±1 .0 


M A 


Ilo 


Output Leakage Current 


OVSVoutSVdd 




±5.0 


liA 


lOH 


Output High Current 


Voh = 2.4V 


-1 .0 




mA 


l0L 


Output Low Current 


Vol = 0.4V 


2.0 




mA 


Iddoi 


Operating Current 


(CE. Vih) = 2 .2V 
(CE. Vil) = 0.8V 

tCYC- 




10 


mA 


1d002 


(CE. Vih) = Vdd-0.2V 
(CE, Vil) = 0.2V 
tcvc= 1 /<s 




7 


mA 


Iddsi 


Standby Current 


(CE. Vih) = 2.2V 
(CE, Vil)=0.8V 
Output = 0PEN 




2 


mA 


I0DS2 


(CE) = 0.2V. (CE]=Vdd-0.2V 

Vin=OV~Vdd 

Output=0PEN 




20 
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SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tACC 


Access Time 




250 


ns 


tCE 


Chip Enable Access Time 




250 


ns 


tOE 


Output Enable Access Time 




100 


ns 


tCED 


Output Disable Time from CE1-3/CE1-3 





90 


ns 


tOED 


Output Disable Time from OE 





90 


ns 


tOH 


Output Hold Time 







ns 


tCYC 


Cycle Time 


250 




ns 



Note 1 : Assumes that OE delay to CE1 -3/CE1 -38 tAcc-toE 

Note 2 : Output disable time (tcED. toED) is specified from CEi -3/. CEi -3, 0E whichever occurs first. 
A. C. TEST CONDITIONS 

Output Load : 100pF+1TTL 

Input Levels : Vil = 0.6V, Vih = 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V. 2 .2V 
Output : 0.8V. 2 .2V 
Input Rise and Fall Time : 5ns 




CAPACITANCE (Ta-25'C, f— 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin=OV 


8 


PF 


COUT 


Output Capacitance 


Vout=OV 


10 


PF 




H : Vih, L : V, L . * : Vih or Vil 



MODE 


CEi(CEV) 


CE 2 (CE 2 ) 


CE 3 (CE 3 ) 


OE 


Outputs 


Read 


H(L) 


H(L) 


H(L) 


L 


Valid 




L(H) 


* 


* 


* 




Outputs 


* 


L(H) 


* 


* 


High-Z 


Deselect 


* 


* 


L(H) 






* 


* 


* 


H 
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TC5365P 



■ 



OUTLINE D 

> Plastic DIP 







>< 


r 

1 i±j i_p lLi i_Li iAj 








NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No.1 and No. 28 leads. 

• Plastic FP 



ifi iji iji iji iji iji Hi 


iji iji m ifi ifi iji i|i 








9.0MAX. 


9z — 

|T\ R0.64 




||| U ill Ij] ill iji ||| 

1.27 + 0.05 


ULUJUULIU 

1 0.43 + 0.1 



NOTE : Each lead pitch is 1 .27mm. 

All leads are located within 0. 1 2mm of their true longitudinal position with respect to No. 1 and No. 28 leads. 



Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any tirr 

without notice, to change said circuitry. 
" Aug , 1985 Toshiba Corporation 
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64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 



TC5366P 



DESCRIPTION 

The TC5366P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. 

The TC5366P using CMOS technology is most 
suitable for low power applications such as battery 



operated system. 

The TC5366P is an asynchronous type ROM 
and has a programmable chip enable input for device 
selection and device power saving. 

The TC5366P is moulded in a 24 pin standard 
plastic package. 



FEATURES 

» Single Power Supply: 5V 
» Access Time: 250 ns 
» Low Power Dissipation 

Operating Current: 7mA (Max.) 

Standby Current: 20n A (Max.) 



Fully Static Operation ■ 
Programmable Chip Enable: CE/CE 
All Inputs and Outputs: TTL Compatible 
Three State Outputs 




PIN NAMES 



A ~ A 13 


Address inputs 


Do ~Di 


Data outputs 


CE/CT 


Chip enable input 


Vdd 


Power supply 


GND 


Ground 



Do Di Da D 3 D 4 D s D 6 D7 



HH1! 



OUTPUT BUFFERS 



Ao C 
Al c 
A 2 c 
a 3 a 
A„ a 
A S a 
A 6 S 
A 7 c 
As O 
A,0 
A 10C 
Alio 
A)20 



I 



COLUMN DECODERS 



HI 




a 


/ u 









g 




O 
rr 





8,192 x 8 bit 
Memory Cell Array 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


Vim 


Input Voltage 


-0.5-7.0 


V 


V OUT 


Output Voltage 


— Vqd 


V 


Pd 


Power Dissipation 


1.0 


w 


T opr 


Operating Temperature 


-40 ~ 85 


°c 


T stg 


Storage Temperature 


-55 - 1 50 


°c 


T SOLDER 


Soldering Temperature ■ Time 


260 ■ 1 


°C • sec 



D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.5 


V 


Vim 


Input High Voltage 


2.2 


V DD + 0.3 


V 


Vil 


Input Low Voltage 


-0.3 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = -40 - 85°C, V DD = 5V ±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


'|N 


Input Leakage Current 


OV ^ V, N g V DD 




+ 1.0 


MA 


Ilo 


Output Leakage Current 


OV^V OUT gV DD 




+ 0.5 


MA 


km 


Output High Current 


V 0H " 2.4V 


-1.0 




mA 


'OL 


Output Low Current 


V 0L = 0.4V 


2.0 




mA 


bD01 


Operating Current 


(CE. V| H ) =2.2V 
(CE, V| L ) =0.8V 
tCYC = IMS 




10 


mA 


'DD02 


(CE, V| H ) =V DD -0.2V 
(CE. V ]L ) =0.2V 
tCYC = 1MS 




7 


mA 


'ddsi 


Standby Current 


(CE, V| H )=2.2V 
(CE. V, L ) =0.8V 
Output = OPEN 




2 


mA 


IDDS2 


(CE) = 0.2V, (CE ) = V DD -0.2V 
V, N =OV~V DD 
Output = OPEN 




20 


MA 



CAPACITANCE* (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C|N 


Input Capacitance 


V 1N = OV 


8 


pF 


CoUT 


Output Capacitance 


VoUT = OV 


10 


pF 



■This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, V D D = 5V ±10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


*ACC 


Access Time 




250 


ns 


tCE 


Chip Enable Access Time 




250 


ns 


tCED 


Output Disable Time from CE CfT 





90 


ns 


tOH 


Output Hold Time 







ns 


tcYC 


Cycle Time 


250 




ns 



A.C. TEST CONDITIONS 

• Output Load: lOOpF + 1 TTL 

• Input Levels: V !L = 0.6V, V !H = 2.4V 

• Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 

Output: 0.8V, 2.2V 

• Input Rise and Fall Time: 5ns 




High-Z 



OPERATION MODE 



MODE 


CE (CE) 


Output 


Read 


H(L) 


Valid 


Output 
Deselect 


UH) 


High-Z 



Note: H: V m , L: V, L 
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66P 



OUTLINE DRAWINGS 



24 23 22 21 2019 \ 8 1 7 1 6 1 5 14 1 3 



ffl rp rp rp rp rp . 



rp rp rp rp rp . 



Ljj l 4 J t-ij'-b LijL|-L L-U Lj-lljj Ujl|j l|l 
12 3456 789 10 1112 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads. 



Note: Toshiba does not assume any responsibility 'or use o< any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
© Aug.. 1985 Toshiba Corporation 
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256K BIT (32K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE MOS 



RODUCTS 

TC53257P 
TC53257F 



The TC53257P/F is a 262.144 bit read only 
memory organized as 32 , 768 words by 8 bits with a 
low bit cost, this being suitable for use in program 
memory of microprocessor, and in character gener- 
ator. The TC53257P/F using CMOS technology is 
most suitable for low power applications where bat- 



FEATURES 



• Single 5V Power Supply 

• Access Time : 200ns(Max.) 

• Power Dissipation 

Operating Current : 25mA(Max.) 
Standby Current : 20^A(Max.) 

• Pin Compatible with 256K EPROM TC57256D 

• Full Static Operation 



tery operation is required. 

The TC53257P/F has one programmable chip 
enable input CE/CE^for device selection and one 
output enable input (OE) for fast memory access and 
output control. 



• Programmable Chip Enable 

• All Inputs and Outputs : TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC53257P 
Plastic FP : TC53257F 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



NC C 
A12 C 2 
A7 C 3 
A6 L" 4 
A5 C 5 
S4 [6 
A3 C 7 
A2 C 8 
Al C 9 
AO C II 
DO C 1 
Dl C 1 
D2 C 1 
GND C 



14 



27 



□ V DD 
3 A14 
26 3 A13 
25 3 AS 
24 3 A9 
23 □ All 
22 3 OE 
21 3 A10 
20 3 CE CE 
19 3 D7 
18 3 D6 

:: 3 

16 3D4 
15 3 D3 



Ao~Au 


Address Inputs 


Do-D? 


Data Outputs 


NC 


No connection 


CE/CE 


Chip enable input 


OE 


Output enable input 


Vdd 


Power supply 


( iND 


Ground 



II 



OE O- 

CE 



5> 



AO < 
Al < 
A2 < 
A3 < 
A4 < 
A5 < 
A6 ( 
A7 < 
A8 '( 
A9 C 
A10 C 
All £ 
A12 < 
A13 C 
A14 C 



DO Dl D2 D3 D4 D5 D6 D7 

TT7TTTTT 



OUTPUT BUFFERS 



COLUMN DECODERS 



in 




1 




Q 

o 




a 

1 s 




1 





32.768 X8 
MEMORY CELLS 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


Vdd 


Power Supply Voltage 


-0.5-7.0 


V 


V|N 


Input Voltage 


-0.5-7.0 


V 


VoUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 


1 0.6- 


w 


Tstg 


Storage Temperature 


-55-150 


•c 


Toph 


Operating Temperature 


-40-85 


■c 


TsOLDER 


Soldering Temperature-Time 


260-10 


•C-seo 



Note : * Plastic FP 



D. C. OPERATING CONDITINS (Ta = -40-85C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 




Vod+0.3 


V 


Vil 


Input Low Voltage 


-0.3 




0.8 


V 



D. C. and OPERATING CHARACTERISTICS (Ta= -40-85T. Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0V~Vdd 




±1.0 


*A 


Ilo 


Output Leakage Current 


CE=V,h or OE=Vih 
Vout=0V-Vdd 




±5.0 


M 


I OH 


Output High Current 


Voh = 2.4V 


-1 .0 




mA 


loi 


Output Low Current 


Vol=0.4V 


3.2 




mA 


Iddsi 


Standby Current 


CE"=Vih CE = Vil 




2 


mA 


Idds^ 


Standby Current 


CE = Vdd-0.2V, CE = 0.2V 




20 


M A 


Iddoi 


Operating Current 


Vih=Vih vil. tcyCLE— 200ns 




40 


mA 


Idd02 


Vin=Vdd-0.2V/0.2V. tcvCLt=200ns 




25 


mA 


CAPACITANCE 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=1MHz, Ta = 25X 




8 


pF 
PF 


CoUT 


Output Capacitance 


f=1MHz, Ta = 25X 




10 



Note : This parameter is periodically sampled and is not 100% tested. 
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A. C. CHARACTERISTICS (Ta= -40-85T, Vdd = 5V±10%) 



TC53257P 
C53257I 



SYMBOL 


PARAMETER 




MIN 


MAX. 


UNIT 


tCYC 


Cycle Time 




200 




ns 


tACC 


Access Time 






200 


ns 


tCE 


Chip Enable Access Time from CE/CE 






200 


ns 


tOE 


Output Enable Access Time from OE 






70 


ns 


tc£D, toED 


Output Disable Time from CE/CT, OE 







60 


ns 


tOH 


Output Hold Time 









ns 



A. C. TEST CONDITIONS 

Output Load : 100pF+1TTL 

Input Levels : 0.6V. 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V, 2.2V 
Output : 0.8V, 2.2V 
Input Rise and Fall Time : 5ns 




H : Vih, L : Vil. * : Vi H or Vil 



CE(CE) 



Ao- 



Olitputs 



Power 



L(H) 



Data out 



Operating 



Output Deselect 



HID 



High-Z 



Operating 
Standby 



TC53257P 
TC53257F 



OUTLINE DRAWINGS 

• Plastic DIP 



27 26 25 24 23 22 21 20 19 18 17 16 15 




NOTE : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No.1 and No. 28 

• Plastic FP 



Ijl Ijl Ijl Ijl ijl Ijl [Jl 


Ijl Ijl Ijl Ijl Ijl l|l Ijl 










^\ ROM 




■ § 


nuiliiiiuyiiiijtiyijiijiijiij 

1.27 1 0.05 1 0.43 : 0.1 



3^= 



NOTE : 



Each lead pitch is 1 .27mm. 

All leads are located within 0. 1 2mm of their true longitudinal position with respect to No.1 and No. 28 leads. 



Note : Toshiba does not assume any responsibility for use ol any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right at any time 

without notice, to change said circuitry. 
& Aug . 1985 Toshiba Corporation 
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1 M BIT (1 28K WORD X 8 BIT) CMOS MASK ROM f\f\f\ D 

SILICON GATE CMOS I V/ O I \J\J\J I 



DESCRIPTION 

The TC531000P is a 1,048,576 bit read only 
memory organized as 1 31 ,072 words by 8 bits with a 
low bit cost, thus being suitable for use in program 
memory of microprocessor, especially character 
generator. The TC531000P using CMOS technology 
is most suitable for low power applications where 



battery operation are required. 
_The TC531000P has one chip enable input 
CE/CE, programmable for device selection. 

The TC531000P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 



_ _ ■- - - - 

FEATURES 

• Single 5V Power Supply 

• Access Time: 200 ns (Max.) 

• Power Dissipation 

Operating Current: 30mA (Max.) 
Standby Current: '20MA.(Max.) 



All Inputs and Outputs: TTL Compatible 
Three State Outputs 

28 pin 600 mil width DIP Plastic package 
Fully Static Operation 
Programmable Chip Enable 




A ~ A 16 


Address inputs 


D ~D, 


Data outputs 


CE/CE 


Chip enable input 


v DD 


Power supply 


GND 


Ground 



V DD GND 



CE O— <^ 



Do D] D2 D3 D4 D 5 D 6 D7 

TTTTTTTT 



A , 
A, I 
A 2 | 
A 3 I 
A 4 . 
A 5 ' 
A 6 C 
A 7 , 



A 10C 
AllC 
A«C 
A13C 

Am c 

Aisc 

A16C 



OUTPUT SUFFERS 



COLUMN DECODERS 



131,072 x 8 
MEMORY CE LLES 



407 



TC531 OOOP 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


VlN 


Input Voltage 


-0.5 ~ V DD 


V 


VouT 


Output Voltage 


0~V DD 


V 


Fb 


Power Dissipation 


1.0 


w 


TSTG 


Storage Temperature 


-55 ~ 150 


°c 


ToPR 


Operating Temperature 


-40 ~ 85 


°c 


TsOLDER 


Soldering Temperature • Time 


260-10 


°C ■ sec 




D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V,H 


Input High Voltage 


2.2 




Vdd + 0-3 


V 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 




(Ta = -40 ~ 85°C, V DD = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


l|L 


Input Leakage Current 


Vin = o ~ v DD 




±1.0 


uA 


Ilo 


Output Leakage Current 


CE" = V ih .V ou t = OV~Vdd 




±5.0 


(lA 


bH 


Output High Current 


V H - 2.4V 


-1.0 




mA 


lOL 


Output Low Current 


V 0L = 0.4 V 


3.2 




mA 


Iddsi 


Standby Current 


(EF, VihI = 2.2V. (CE. V,0 = 0.8V 




5 


mA 


bDS2 


Standby Current 


ICEI = 0.2V. ICEi = Voo-0,2V. V,n = OV-Voo 




20 


llA 


Iddoi 


Operating Current 


Vin = V, H /V| L .t CVC | B = 200 ns 




50 


mA 


IDD02 


V in =Vdd-0.2V/0.2V. tcycie' 200 ns 




30 


mA 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


C|N 


Input Capacitance 


f = 1MHz, Ta=25°C 




8 


pF 


CoUT 


Output Capacitance 


f= 1MHz, Ta=25°C 




10 


pF 



Note: This parameter Is periodically sampled and Is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -*0 ~ 85°C. V DD = 5V ± 10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tCYC 


Cycle Time 


200 




ns 


tACC 


Access Time 




200 


ns 


tCE 


Chip Enable Access Time from CE /CT 




200 


ns 


Iced 


Output Disable Time from CE/CE 





70 


ns 




Output Hold Time 







ns 



Output Load 
Input Levels 

Timing Measurement Reference Levels 

Input 

Output 
Input Rise and Fall Time 



100pF + 1TTL 
0.6V, 2.4V 

0.8V, 2.2V 
0.8V, 2.0V 
5ns 



A ~A 16 











: > 






<ACC 












> 


■ 




] 


[I 




tCE 




'OH , 


t CED 



OPERATION MODE 



MODE 


CE(CE) 


Ao ~ i 6 


Outputs 


Power 


Read 


L(H) 


Valid 


Data out 


Operating 


Output Deselect 


HID 


* 


High-Z 


Standby 



H: V| H . L:V IL .-:V| H orV IL 
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OUTLINE DRAWINGS 

Unit: mm 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use ot any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
C Aug., 1985 Toshiba Corporation 
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